VoL. VII. No. 5. SEPTEMBER, 1900. 


THE PSYCHOLOGICAL REVIEW. 





STUDIES FROM THE PSYCHOLOGICAL LABORA- 
TORY OF THE UNIVERSITY OF CALIFORNIA. 


A New DETERMINATION OF THE MINIMUM VISIBLE AND 
ITs BEARING ON LOCALIZATION AND BIn- 
OCULAR DEPTH. 
PROFESSOR GEORGE M. STRATTON 


The smallest lateral ditference of place that is visible has 


until recently been given as about 50”—60” angular measure. 


The method employed by Helmholtz and others' in reaching 
this result was the well-known one of bringing two parallel 
lines together until they finally are just distinguished as /wo— 
on the same general principle by which Weber determined the 
tactile space-threshold, by finding the distance between two 
compass-points that just cease to merge into ove. 

But by a different method it is now evident that a lateral 
difference * of place of about 7” of arc can be directly perceived. 

Instead of using lines or points side-by-side, the experi- 
ments which give this result were made with lines end-to-end, 
so arranged that the upper of two perpendiculars could be 
moved at will to the right or left while still remaining exactly 
parallel to the lower line, as shown in Fig. 1. The observer 
had simply to judge whether the upper line was continuous 
with the lower, or to which side it had been displaced. In the 
initial trials the lines were narrow slits of light surrounded by 

‘See Helmholtz: Phystologische Optik, 2d ed., pp. 256 et seq. 


*In contrast with a difference in depth o1 lifferet not of itself perce; 
tible, but evident merely by reasor 
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a black ground—each line not more than half a millimeter 
wide and some 10 cm. long, and observed in a _ half-darkened 


room from a distance of 18 meters. 








ee 1 But the surprising fineness of discrim- 
° ination made it impossible to work 
vith accuracy from so short a distance ; 
so that finally the observer was placed 
120 meters away, and the lines were 
: se a t changed to narrow white strips, part 
of the time 10 mm., part of the time 
‘ 8 mm., wide, each 50 cm. long, ona 
; dull-black ground. Each line with 
its ground was mounted on the face 
. of a plate ol class, the two glasses 
Dee tea cea 3s placed edge to edge in a frame; and, 

FiG. 1. by sliding the upper plate upon the 


lower, lateral shifts were made by steps 
of 1 mm. At first the ordinary procedure of ‘ minimal changes 
was adopted, but it soon became clear that suggestion was play- 
ing too large a role, and resort was had to a compromise be- 
tween this method and that of ‘ right-and-wrong cases,’ which 
might be called a method of serial groups, to be described mort 
fully at another time. Taking as the threshold the point where 
80%, or more, of correct judgments occurred, the following re- 


sults were obtained : 


SupjecT A. (187 judgments). 


THRESHOLDS FOR DISPLACEMENTS TO THI 


RIGHT. LEFT. 
2. mm, 5. mm. 
4 ee 6. és 
3: 5. 
Aver. 3. mm Aver. 5.3 mn 


General average 4.1 mm. 


Supject D. (277 judgments). 


THRESHOLDS FOR DISPLACEMENTS TO THI 


RIGHT LEFT. 
4. mm. 6. mm. 
2, ‘ 5. és 
2 5 
4 se ~ 
tT _ 

Aver. 3.2 Aver. os * 


General average 4.2 mm. 
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Taking 1 mm. as equivalent, approximately, to 1.7 seconds 
of arc, where the radius is 120 m., we get a fraction over 7 sec- 
onds as the threshold of space-distinction under these conditions. 

The experiments were begun with some doubt whether there 
was a direct perception of a spatial difference here; whether, 
for instance, some purely intensive change—some apparent 
dimming or strengthening of the impression from the adjacent 
ends of the lines where the displacement occurred—might not 
serve to suggest indirectly a spatial inequality. But anyone 
making the observation is soon convinced that what he sees is 
not of this character, but that the two lines seem to form a 
single line no longer straight. He seems to compare the posi- 
tion of one of the lines with an imaginary extension of the 
other, and to notice that the two, in this way, do not coincide. 
As a check, however, the observers throughout the experiments 
were kept in ignorance of the actual direction of the displace- 
ments, and the threshold was not considered as reached until the 
direction could be told by them; so that if their judgments had 
been based on anything other than the perceptible position of the 
lines, the fact of a break or shift in general might perhaps have 
been inferred, from some intensive difference in the light, but it 
is difficult to see how, from that alone, the subjects would have 
been able to tell correctly to which side the line had been moved. 
There seems, moreover, to be nothing inherently suspicious in 
the striking disparity between these results and those obtained 
by the older method. In the threshold obtained in Helmholtz’s 
way these finer measurements are not reached simply because 
the diffusion of the stimulus from the two lines side-by-side 
makes a fairly uniform blur on the retina between them, and 
within the limits of the blur two separate objects can no longer 
be {distinguished. But when the lines are arranged as in the 
present experiment, any such interference by mere diffusion is 
greatly lessened, and the localities can be clearly and correctly 
distinguished. 

The result thus obtained is interesting in several ways. In 
the first place, it’probably removes the grounds for inferring, 
as yet, that stereoscopic depth at its minimum is a subconscious 
result of the spatial conflict of the two images. My own ex- 
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periments with the pseudoscope' had shown that an angular 
difterence of 24 seconds between the two impressions was suffi- 
cient to give a binocular relief. Still later, Bourdon,’ experi- 
menting with needles at short range, found that a difference 
amounting to but five seconds produces a perceptible depth- 
effect. As long as the conscious lateral threshold was counted 
as above 60 seconds, one would be tempted from these results 
to believe either that stereoscopic depth was not due primarily 
to a lateral space-discrimination of the two images, or else that 
the plastic effect must depend on a subconscious action, sinc 
the disparities in the image were smaller than could be con- 
sciously noted. The present reduction of the conscious lateral 
threshold to about 7 seconds leaves but a small margin upon 
which to base such conclusions, particularly when one takes 
into account the wide contrasts in the (non-essential) conditions 
of the experiments. Bourdon would seem entirely justified, 
however, in concluding that binocular depth cannot be due t 


our detecting double images, if by double images we are t 


understand outlines that are distinguishable s7de-by-s7de. Bu 
the depth-effect may still be due to the presence of double im- 
ages in the sense of outlines that are felt not to be coincident 
when positions are compared end-to-end. There certainly is 

difficulty in that ordinary stereoscopic vision seems hardly t 
provide the conditions for comparing outlines in this way. It 
is barely possible, however, that the curious phenomenon ot! 
retinal rivalry may be useful just herein, that by the successiv 
emerging and disappearance of parts of the outlines in the two 
projected fields of view something comparable to the condi- 
tions of the present experiment is brought about, and an ex- 
ceedingly fine perception of lateral incongruity results. 

But perhaps a more important bearing of the experiment is 
on the general problem of visual localization. It seems highly 
improbable that so minute a displacement is discerned by no- 
ting some muscular jog or unevenness in running our eyes 
and down the line, when one recalls that the fovea itself is som: 

1A Mirror Pseudoscope and the Limit of Visible Depth, PsycHOLOGICA! 


REVIEW, Vol. V., p. 632. 


2?L’acuité stéréoscopique, Revue Philosophique, January, 1900 
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300 times broader than the retinal image of the space-inequality 
here perceptible. In view of this relatively wide expanse of 
the fovea, it seems highly questionable whether the eye, in run- 
ning up and down such a pair of lines would regularly take 
one course when the lines exactly met and a perceptibly different 
course when one line was displaced 7”. The eye naturally 
moves by twitches and jerks, even when following a straight 
line; the breadth of the fovea is such as to permit considerable 
roving without ‘losing’ the line. So that so small a disloca- 
tion in the objective line would probably be no incentive to an 
exactly corresponding change in the movement of the eye. 
And even supposing that a dislocation of 7” in one of the lines 
did regularly tend to draw the eye by so much out of its course ; 
how should we be able accurately to interpret so slight a varia- 
tion of muscular action, as clearly due to an objective spatial 
inequality, when much greater movements—likewise involun- 
tary, are constantly occurring without our interpreting them as 
due to a spatial variation in the object we are observing? 

If, on the other hand, we pass from the muscular apparatus 
and look to the minute elements in the retina to explain such 
discriminations, even these seem much too gross to account for 
the marvellous fineness of our judgment. Rows of cones in 
the mosaic of the fovea lie apart a distance corresponding to at 
least an angular measurement of 30”. ‘To explain our power 
to detect a spatial difference one-fourth of this, it will be neces- 
sary to assume either that the rods and cones are not the ulti- 
mate spatial elements in the retina, or else that the mznzmum 
visible may be considerably less than the distance between the 
center of the adjacent sensory elements. 

And, after all, it is not difficult to see how this latter might 
well be the case. We must, however, first give up the notion 
that the light, even when it falls upon a single cone, or row of 
cones, affects only those elements upon which it directly falls. 
In every case the stimulation is probably diffused in all direc- 
tions ; a responsive wave runs through the neighboring elements, 
as is evidenced, for instance, by the fact of simultaneous con- 
trast. Now if C and C’ be adjacent elements, and & the boun- 
dary between them, then it seems not improbable that if a ray 
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fall somewhere within the limits of C its effect upon C”’ will be 
different according as its point of incidence is nearer or farther 
from 4. It would probably excite C’ more intensely the nearer 
it fell to the limits of this cone; and, on the other hand, its 
effect upon C”, a neighbor on the 
opposite side of Cy, would cor- 
respondingly decline. In sucl 
an event there would be a differ- 
ence of nervous result with every 
change, however small, of the 
point of incidence, instead of 

change occurring only in case the 
stimulus passed to an entirely dit- 


} 
} 


ferent cone. There would then 





be a difference of intensity of th 
diffusive effect upon neighboring elements, a different degree ot 
whatever kind of reaction may be characteristic of each, and « 
sequently a change of ‘ local sign’ even when the difference 
place of the excitation is considerably less than the diameter ot 
single element. The local signs in the retina alone, quite apart 
trom the muscular mechanism, would thus form an absolutel: 
continuous series, and would furnish the data for any degree ot 
spatial discrimination we may discover. The retinal sign of posi- 
tion is thus conceived, not 6ften the analogy of our electric sign 
boxes, when one unalterable mark is given (a falling numeral, 
for example) whenever the same terminal is affected: but w 
should have to symbolize it rather by some more complic: 
contrivance: where nothing less than several neighboring num- 
differing clearness according as its particular terminal was nea! 
or far from the immediate origin of the disturbance. The rela- 
tion of the various intensities could in this case be a sign both 
of direction and of distance; and the exact seat of the exciting 
cause be determined with a degree of accuracy depending on 
the fineness of discrimination for intensive differences and for 
catching their interrelation, rather than upon the number and 
distance apart of the several terminals; in other words, the 


threshold would not depend on the purely anatomical meas- 
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urements, if we may drop the figure and return to the retinal 
tact. 

The present experiment, then, tempts one to believe that the 
local signs are of this exceedingly complicated character. The 
mental process of localization, or of space-distinction, cannot 
be justly described (it would seem) as an association merely 
between a particular quality of sensation and a particular place. 
Nor is it entirely sufficient to amend this and say that the mind 
must also take account of the various intensities of the quality 
which is spatially significant. The complication seems to go 
still a degree higher, so that the za¢erre/ation of numberless in- 
tensities of different retinal sensations would seem to be the 
intricate process involved in even the simplest visual perception 
of space. When we bear in mind that the fully organized per- 
ception without doubt includes also extra-retinal data, it is evi- 


lent how complex an activity our spatial consciousness is. 


[] THe Errect oF IMPERCEPTIBLE SHADOWS ON THI 


JUDGMENT oF DISTANCE. 
BY KNIGHT DUNLAP 


The conscious etfect of stimulation of such low intensity 
is to be imperceptible presents an attractive and almost unex- 


loited field for experimental work. The experiments of Jas- 


T 
I 


trow and Pierce on small differences of sensation,' and some 


previous work of my own, suggested the pessibility of obtain- 
ing important results from an experiment planned to show 
directly the effects of the presence or absence of an impercep- 
tible stimulation. 

The Miiller-Lyer figure was selected as the foundation for 
such an experiment. If we have the segments of the principal 
line in the illusion-figure distinctly marked, but the angular 
lines of an intensity just below the threshold of perception, we 
have the simple materials for determining whether or not these 
imperceptible lines will produce in any degree the ordinary 
illusion-effect. If such an effect is produced, then we have 


‘Memoirs of the National Academy of Sciences, Vol. III., p. 76 
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evidence for the belief that under certain conditions things of 
which we are not, and can not become, conscious have their im- 
mediate effects upon consciousness. 

The apparatus used in the first investigations under these 
conditions was very simple, and not altogether satisfactory i 
its operation, but as the experiments were of the nature of 


1 
ah 
t 


preliminary survey of the ground, it was not deemed advisabl 


to make a complicated arrangement of apparatus. 
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The screen upon which the illusion-figure was to be show: 


was a sheet of white bristol-board, fifty-eight centimeters by 
seventy-two centimeters, fastened upon a frame. A black lin 
one millimeter in width (see Fig. 1) was drawn across the mid- 
dle of the screen horizontally, and divided in the center by 
perpendicular line three-fourths of a millimeter in width, and 
extending eight millimeters on each side. On the sides of the 
frame holding the screen, and on a level with the horizontal 
line were fixed guides, in which slid small steel rods passing 
along the line and hidden against it. Small strips of black 
paper two millimeters wide and ten millimeters long were fas- 
tened to the inner ends of these rods in positions parallel to the 
central vertical line and extending equally above and below the 
horizontal line, and these with the central vertical line marked 
off two segments of the horizontal line. The lengths of thes: 
segments could be varied at will by sliding the rods along the 
horizontal line. 

Fastened to each of these rods carrying strips, and parallel to 
them, was another exactly similar rod passing behind the screen 
and bearing on its inner extremity an angle of ninety degrees, 
cut from black bristol-board, with legs five millimeters wide and 
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forty-five millimeters long. These angles, together with a simi- 
lar one fastened in the center, showed upon the front of the 
screen as shadows when light was transmitted through from the 
back, and transformed the segments of the line into the typical 
Miiller-Lyer figure. The arrangement of this part of the 
apparatus may be understoood from Figs. 1 and 2, which show 
respectively the front and back of the screen. It will be ob- 
served that by interchanging the pairs of rods and reversing the 
central angle the direction of the illusion could be reversed. 

The screen was illuminated from the front by two hooded 
incandescent lights placed one at each side so as not to obstruct 
the view, and at equal distances from the screen. Behind the 
screen was a single hooded incandescent light, so shielded with 
tissue paper as to diffuse the light as evenly as possible over the 
back of the screen. The intensity of this light, and therefore 
the intensity of the shadows on the front of the screen, was con- 
trolled by means of a rheostat, the front lights remaining un- 
changed. As the current for the three lights was taken from 
the same circuit, variation in the potential affected them all in 
approximately the same ratio, and hence the relative intensity 
of the light coming through the screen to the light falling upon 
the face of it, as determined by the adjustment of the rheostat, 
might be supposed to remain fairly constant. 

The method of operation was very simple. One of two fig- 
ures, a double square and a circle, was placed against the back 
of the screen to test the intensity of the light, and the intensity 
ot the rear light was reduced until the subject was unable to de- 
tect the shadows caused by the figure. Upon reaching a point 
at which it was certain that the subject could not tell whether 
the figure was circular or square, it was removed and the an- 
gles of the Miiller-Lyer figure placed in position. It was de- 
termined by the toss of a coin whether the angles should be set 
in the ‘short’ or ‘long’ position,' and the left cross-line was 
fixed at twenty-five centimeters from the center. The right 

~<s 


‘The direction of the angles which tends to shorten the left or standard seg- 
ment of the line, thus —< , will, throughout, be spoken of as ‘ illu- 
sion short.’ The opposite direction of the angles, which tends to lengthen the 


left segment, will be spoken of as ‘illusion long.’ 
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cross-line was started from a point sufficiently greater or less 
than twenty-five centimeters from the center to be distinctly per- 
ceived as farther or nearer than the left one, and moved at reg- 
ularly timed intervals' by steps of one millimeter towards and 
past the equality point, the judgment of the subject as to the 
length of the right segment of the line as compared with the 


left segment being recorded at every step in the series. 
g ; 


bm ] 

Whether the cross-line should move inward from a point be- 
yond the equality point, or outward from a point inside, was 
determined by lot, correction being made toward the close, 
however, so as to have on the whole as many series of one kind 
as of the other in order to offset the effect of mere direction of 
motion. It is evident from the details given above that the angle 
behind the right cross-line moved with it, so that the relations 
of the Miiller-Lyer figure were constantly preserved. 

Series of this kind alone would of course not be sufficient t 
determine whether or not the illusion figure is effective. As 
will be seen later, there is a tendency to judge the equal seg- 
ments of a line as different even apart from any influence of the 
angles of the Miiller-Lyer figure. Hence it was necessary fo 
purposes of comparison with these to take also series in which 
there could be no possible illusion, since the light behind the 
screen was entirely cut off. If there should be any effect p1 
duced by the shadows under the conditions previously stated, 
a comparison of the series with those taken when the shad 
of the angles were present but imperceptible might show it. 

The series were consequently taken in pairs or sets, ea 
pair being composed of one series with the shadows, and on 
without, taken in immediate succession, in the same direction, 
and from the same point. The order in which the two wer 
taken was determined for each pair by lot, as was also the direc- 
tion of the illusion as mentioned above. The subject being ig- 
norant of the results of the lots, there was a double check upon 
the possibility of any influence arising frora his knowledge ot! 
how the illusion might be expected to affect his judgments. 


d 


] 
| 


Any general difference between the two classes of series coul 


1'The interval was nine seconds in length from the completion of a judgment 


until the command to look again at the screen, 
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therefore only be due to the effect of the angles behind the 
screen. 

In general, each series proceeding outward resulted in first 
a number of judgments of ‘shorter,’ then one or more of 
‘equal’ or ‘doubtful,’ and finally, a number of ‘longer.’ 
In the series proceeding inward the order was reversed. The 
middle point of the region of doubt and equality was taken as 
the mean equality point of each series, and this was compared 
with the mean equality point of the other member of the pair. 
The region of doubt and equality was determined by fixed rules, 
and, in order to secure absolute impartiality the point was de- 
termined without the experimenter himself knowing to which 
class the series belonged. For this purpose a number of the 
records were allowed to accumulate, were shuffled, and their 
distinctive marks concealed until their mean equality points 
were determined and recorded. 

Three subjects were employed, and the results of the work 
with them are summed up in Table I. A set was counted ‘ for’ 


or ‘against’ the illusion according as the difference between 


the mean equality points of the two series composing it was or 
was not in the direction which would correspond to the possible 


eftect of the illusion-figure. 


rt’ 
Tasie I. 
S t Total I S I N 
As 22 I S 
D 
IX. I } o 
he 12 5 Fg 


We see from this table that 60 per cent. of the sets for sub- 
ject A. fall on the side of the illusion, 81.8 per cent. for R., 
and 61.5 per cent. for S. The figures are rather meager, but 
as far as they go are strongly suggestive. As the experiments 
were designed only as preparatory to the investigation proper, 
to point to possible results and expose the difficulties in the way, 
the results were counted sufficient, and preparations were made 
for more careful experiments along the same line. 

The apparatus used in the later work differed materially 
from that which was described above in the account of the pre- 
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liminary investigation. It was desired that there should be 
some means of measuring the relative intensities of the shadows, 
and as this was practically impossible when they were cast by 
light transmitted through the screen, it was decided to try the 
effect of casting the shadows directly upon the front of th 
screen. This of course necessitated the removal of the angles 
used in casting the shadows to some distance from the screen, 
in order that they might not be in the subject’s line of vision, 
and this in turn demanded the use of light radiating from 

very small area, that the shadows might be sharply defined. 
The best form of illumination available for this purpose was 
the electric arc, and as it is not possible to maintain the intensities 
of two arc lights at anything like a constant ratio, it was nec- 
essary to cast the shadows from the same source of light which 
furnished the general illumination of the screen. This was 
effected by the aid of mirrors, which diverted in opposite direc- 
tions the light coming from the lamp, and combined it agair 


upon the screen. An automatic adjustment lamp was first tried 


“ 





\ 
(s) \* 


Set” 
Fic. % 


but as it proved too unsteady, a hand adjustment lamp, with 
carbons at right angles to each other, was constructed in the 
laboratory and found more satisfactory. The arrangement ot 
the lamp with the other parts of the apparatus is shown by the 
diagram in Fig. 3. The lamp was placed in a box having 

blackened interior and suitable apertures for the emission o! 
light from the front, and for ventilation. The light reflected 
by mirrors V and JZ fell upon the screen P without interven- 








at 





CALIFORNIA PSYCHOLOGICAL LABORATORY {41 





tion, but that reflected by .V’ and J7’ was intercepted by the 
episkotister 2, by which any desired proportion of the light 
was cut out. This light passed through the frame /, in which 
were suspended on silk fibers angles measuring sixty degrees 
(these being more favorable to the illusion effect than those of 
ninety degrees used in the preliminary work), and cast their 
shadows on the screen P. This screen was the one used in the 
preliminary work, with the exception of the angles at the back, 
which were superfluous in the present arrangement, and were 
therefore removed. It was placed in a position perpendicular 
to the line of vision of the subject at .S, who was seated at one 
) } 


side, out of the path of the light, and hence the distribution of 


the light on the face of the screen was slightly unsymmetrical. 
This was unavoidable, however, on account of the dimensions 
yf the room which was selected as best adapted to the purposes of 
the experiment. The walls, floor and ceiling of the room wert 
black, preventing any great reflection of light back to the screen. 
Some difficulty was experienced with the mirrors, and those 

of carefully selected plate-glass used in the experiment were 
not thoroughly satisfactory. Better results could probably have 
been obtained by the use of lenses and totally reflecting prisms. 
The fibers by which the angle casting the right-hand shadow 
was suspended were attached to slides working in the frame /, 
so that the angle could be moved along as the right-hand cross- 
line was moved on the screen, thus keeping the vertex of the 
shadow approximately on the cross-line on the screen P. The 


yparatus were screens, one at 


principal remaining pieces of ap] 


# to prevent the subject seeing the figure at P except at the 
proper time; and one at 7 to conceal the angles in the frame 
F at all times. The distance from the subject to the figure was 
about two and a quarter meters. 

It will be observed that since the two pencils of light were 
taken from practically the same side of the glowing carbon, the 
effective area of which was only a few millimeters in extent, 
variations in the intensity of the light affected them both ap- 
proximately equally as regards their initial intensities, and 
hence did not change the relative intensities as established by 
the episkotister. Since therefore the intensity of the light did 
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not vary greatly, the perceptibility of the shadows should have 
remained constant according to the general statement of 
Weber’s law. 

What has been said concerning methods in the preliminary 
work will, with some important exceptions, apply to the main 
work also. The proper intensity of the shadows was deter- 
mined for each subject by careful tests, and these were fre- 
quently repeated during’the course of the experiment to insure 
the correctness of the intensity adopted. It was found that 
subjects A., R. and W. could not detect any shadows when the 
total angular opening in the episkotister was seven degrees. 
For the sake of safety six degrees was used in the actual work 
with these subjects. S. at one time seemed to perceive the 
shadows with an aperture of seven degrees, and therefcre five 
degrees was fixed upon as entirely safe for him. These pro- 
portions are rather large as compared with the figures usually 
given for the difference-threshold of light, but it should be re- 
membered that the shadows were not perfectly distinct, on ac- 
count of the eftect of the fringe of luminosity surrounding the 
effective portion of the positive carbon, and also on account ot 
multiple reflection in the mirrors. 

As it took some time to change the direction of the angles in 
the frame, they were placed at the beginning of each experi- 
ment-period in the direction determined by lot, and continued 
in the same direction during the whole period (three-quarters of 
an hour), unless (as happened some few times) the subject ac- 
In 
such a case a coin was tossed to determine whether or not the 
angles should be reversed, the subject being ignorant of the 
outcome of the lot, and so not knowing whether the shadows 
were continued in the position in which he saw them, or were 
reversed, or were entirely removed and a shadowless series 
commenced. Towards the end of the work the angles were 
arbitrarily placed so as to have an equal number of series for 
each of the two directions of the illusion. ‘To economize time, 
the angle which cast the right shadow was not moved each time 


cidentally became aware of the direction of the angles. 


the corresponding cross-line was moved, but only every fifth 
time, the width of the shadow allowing that amount of move- 


ment without complete disconnection. 
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No attempt was made to run series in both directions, as it 
was not indispensable for the comparison of the series, and 
there were enough complications without this additional factor. 
All the series were run outward from a point nearer to the cen- 
ter than the standard length of twenty-five centimeters. 

When the shadows were removed, in the shadowless series, 
by cutting off the light normally reflected by mirrors J/ and .V’, 
the episkotister was kept running, and the angle was moved in 
the frame at the usual times in these series as in the others, so 
that the subject had no clue as to whether or not the shadows 
were present in any series. 

For fear lest the imperfections in the mirrors might produce 
irregular distribution of the light on the screen in such a way 
as to affect the results of the series, the two mirrors on one side 
were interchanged from time to time with those on the other 
side, and an equal number of series taken in each of the two 
positions. There were thus three conditions to be equalized, 
viz: (1) Position of the mirrors; (2) Direction of the illusion; 
(3) Order of series in the set, z. ¢., whether the series with the 
shadows was given first, immediately succeeded by the series 
without the shadows, or zv7ce versa; in the scheme which fol- 
lows the first class are called ‘shadows first’ and the second 
‘shadows last.’ 

This classification broke the sets of series up into eight 
groups, which were kept equal in the long run (with one ex- 
ception, to be mentioned later), although the sets into which 
the series fell were determined by lot from day to day as far as 
possible. These groups are given schematically in the follow- 
ing table: 


( Shadows first. 


i lusion long 
| { Shadows last. 


st position of mirrors. 
( Shadows first. 
Illusion short. ‘ 
{ Shadows last. 
( Shadows first. 
Illi sion lor Oo, . 
| { Shadows last. 
2d position of mirrors 
| ( Shadows first. 
Illusio short 


{ Shadows last. 
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On account of the complication of the apparatus and the 
difficulties of its operation, the progress of the experiment was 
necessarily slow. No attempt was made to have the subject 
judge at regularly timed intervals. An endeavor was made, 
however, to give all series with the same approximate rapidity, 
and the rate of ten minutes to a set was pretty constantly main- 
tained. This allowed the taking of three sets or pairs in 
period of forty-five minutes, if all worked smoothly, the res 
of the time being consumed in the necessary adjustments of the 
apparatus. Very frequently, however, troublesome delays oc- 
curred, which reduced the number of sets to two or one. 


Each subject was instructed to preserve a fixed method of 


bringing his eyes upon the line. One preferred to bring hi: 


eyes upward from the floor tothe middle of the line after remov- 


ing the swinging screen, while the others preferred to gaze 


the swinging screen, in the direction of the center of the lin 
and thendisplace it. This regularity was insisted upon becaus¢ 
it was found by actual trial that the direction in which the eyes 
were brought upon the screen influenced the proportional esti- 
mate of the segments of the line. Therefore a difference in tl 
respect between the different series might introduce a differen 
in the results which would confuse the interpretation. 

The subject was not however compelled to maintain his ga 
fixed upon the central point, but moved his eyes over the line 
as he pleased in forming his judgment. In the extreme case 
the disparity of the segments of the line was perceived b’ 
glancing at the center, but where the difference was very slight 
the subject gazed at one segment until he had its length wel! 
in mind and then transferred his regard to the other segment 1 
order to make comparison. 

It is probable, however, that the steady fixation of the seg- 
ments was on the whole a bad practice, as it rendered possibl 
the formation of an after-image of the first segment by whic! 
the second segment might be judged by mere superposition, whic 
would be in a large measure destructive of the effect of the 
lusion, if there were any such effect. The difficulties of judg 
ing were however so great that it was not deemed advisable | 


place any additional restrictions on the subject. 
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The experiment would naturally have been much simplified 
if the shadowless series had been omitted, and the sets of two 
made to consist of one with the illusion short and one with it 
long. This would have reduced the number of groups to four, 
ind would perhaps have nearly doubled the difference between 
the series on each set, but it was deemed inadvisable for several 
reasons. First, the changing of the direction of the angles for 
each series would have consumed so much time that the gain by 
omitting the shadowless series would have been largely offset. 
Second, the data for the judgments of the segments of the line 
with the influence of the illusion excluded are important in 
themselves. And third, it was considered possible that under 
the conditions, the illusion, if effective at all, might be more 
effective in one position or direction than in the other; a state 
of affairs of which the proposed method would offer no evi- 
lence, should it actually exist. The results as set forth later 
justify the procedure actually adopted, although additional ex- 
periments ought to be made in the proposed manner to supple- 
ment the results of these. 

One more point as to the methods, and then we may pass on 
to the next division of the subject. The series were always 
commenced far enough inside of the actual equality-point to 
give a distinct impression of shortness to the right segment of 
the line. They were not however commenced uniformly at the 
same point, but were varied irregularly in this respect from set 
to set, and the subject was given to understand that they were 
irregular, lest the distribution of his judgments in one series 
should influence him in the next. Both of the two series of 
each set were of course commenced at the same point, so that 
iny possible effect of the length of the series, or the strength 
of the contrast with which the series began, might affect them 
both alike; but this was not mentioned to the subject, who con- 
sequently never knew whether a given series began at the same 
point as the preceding. It is interesting to note that the gen- 
eral region of commencing the series was necessarily varied 
from day to day and even from set to set on account of the 
varying relative estimation of the segments of the line. Thus 
a point which one day was well within the range of judgments 
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of ‘short’ might be the next day within the range of judgments 
of ‘equal.’ This will be further exemplified later in the 
discussion. 

Four subjects were employed, three of whom, S., R. and A. 
had taken part in the preliminary work. Inthe cases of S. and 
R. eighty series (forty sets) were taken from each, evenly dis- 
tributed according to the scheme of the eight classes of sets al- 
ready specified; but in the case of A. only sixty-four series 
(thirty-two sets) evenly distributed, and in the case of the other 
subject, W., seventy-two series (thirty-six sets, twenty unde: 
the class ‘long’ and sixteen under the class ‘ short’) were 
tained. 

The most obvious method of comparison of the series was 
by sets, taken in the same manner as that in which the seri 
in the preliminary work were compared. The same precautions 
for impartiality in computation were observed here also. The 
results of this comparison as given in Table II. are far more 
striking than the results for the preliminary work. 


TABLE II. 


Subject Total Sets. For Against. 
De 40 23 15 2 
Ww. 36 19 11 
R. 40 25 9 ( 
A. 32 22 7 


Expressed in percentages this table becomes Table III., 


follows: 


TABLE III. 


Subject for. +t against neutt 
= 57-5 37.5 a 
W. 52.5 30.5 16.7 
R, 62.<¢ 22. 1< 
A. 65.8 21.9 9 


This shows a preponderance for the illusion; twenty pe! 
cent. for S., over thirty-two per cent. for W., forty per cent 
for R. and over forty-six per cent. for A. Or, if we leave out 
of account the neutral cases and give directly the ratio of favot 


able to unfavorable cases, we find the following values: S., 1.5 
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W., 1.7; R., 2.8, and A., 3.1, which are certainly too large 
and agree too well to be set down as the result of mere chance. 

A second comparison naturally suggested would be between 
the average of the mean equality-points for the shadowless series 
and the averages for the series with the illusion-figure in both 
positions. An examination of the series, however, showed that 
the average for all of the shadowless series could not be fairly 
compared with the averages for each of the other two classes, 
since the series for the two latter occurred in groups irregularly 
distributed throughout the time the experiment was continued, 
and the general position of the mean equality-point varied 
greatly during the progress of the work. 





FIG. 4. 


This is illustrated by Fig. 4, which gives the position of the 
mean apparent equality-points for each of the shadowless series 
of experiments with subject W. In this diagram the values of 
the abscissa represent the order of the series in the course of the 
experiment, while the ordinates give the difference in millimeters 
between the standard line and that length of the variable which 
seemed equal to it. Positive ordinates, therefore, show that the 
apparently equal variable was actually longer than the standard, 
while negative ordinates indicate that it was shorter. 

All of the graphs thus obtained were very irregular, and those 
for subjects W., R. and A. show a decided upward tendency 
from first to last, indicating that while early in the experiment 
the right segment was proportionately overestimated, later it 
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was underestimated. Subject S., with a single exception, over 
estimated the right segment throughout the experiment, rather 
more toward the last than the first. 

The graphs must not be understooc as analogous to the filling 
in of the points of a probable curve between known points, as in 
this case the points represent discrete series and there are no 
possible points which might be computed between them. Onl; 
the known points are significant therefore, the lines joining 
them having been added to distinguish the trend of the series 
and make it more easily comprehended by the eye. 

The ordinates for the series with shadows would correspond 
pretty closely with the ordinates for the shadowless series wit 


+ 


which they belong; but, as previously noted, the two classes of 
series with shadows were not distributed regularly over the in- 
terval covered by the shadowless series. In the case of one of 
the subjects, for example, the fall of the lots was such that most 
of the series with illusion ‘ long’ occurred at the upper positior 
of the graph for the shadowless series, and those with illusio: 
‘short’ at the lower positions. 

It would, therefore, be manifestly incorrect to compare series 
corresponding to the upper part of the graph with series corre- 
sponding to both upper and lower parts, as this would bring 1 
a difference due merely to the progress of the experiment 

TABLE IV. 
AVERAGE MEAN EQUALITY POINTS. 


Illusion Long Illusion Short 
Subjec Diff Ditt 
Shadowless Shadow Shadowless Shadow 
S. -6.42 —5.8 62 —5.57 —5.75 | — «18 
y 2.27 77 ( 6 | me = 
W 2.37 2-44 -4O WVS5 1.75 
» - = = - 
R —3.57 —3.40 & 2.40 -3.45 —1.0 
A -0.37 +-0.46 +-.§3 1.06 0.78 2 


Hence in computing the averages, those for the shadowless 
series which were taken at the same time as the series with t! 


{ 


illusion ‘long’ were kept separate from the averages for th 
shadowless series taken at the same time as the series in which 
the illusion was ‘short.’ In other words, the averages for the 


two classes of pairs, as distinguished by the direction of the 
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illusion, were taken independently. The results for this opera- 
tion are given in Table IV. 

x The figures in the first, second, fourth and fifth columns of 
this table represent the distance in millimeters from the actual 
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equality point to the average mean equality point for each group 
of series as indicated by the column headings. Negative dis- 
tances are measured from the actual equality point towards the 
center of the line in the illusion-figure, and positive distances in 
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the opposite direction. The figures in the third and sixth col- 
umns give the differences of the averages, and hence directly 
the average change in length of the right segment when the 
imperceptible shadows were present. 

It will be seen from Table IV. that in every case the average 
mean equality point for the series with shadows is farther out 
than that for the shadowless series when the illusion is ‘ long,’ 
and just the reverse when the illusion is ‘ short’; which is ex- 
actly what might be expected if the illusion were really opera- 
tive. This unanimity is certainly strongly in favor of the theory 
that the imperceptible shadows actually affect the judgment. 
The difference here, as in the other comparisons, is slight, but 
we should hardly expect to get more than a slight effect from 
the shadows under the circumstances. 

This method of comparison by means of equality points nec- 
essarily leaves out of account certain scattering judgments which 
are bound to occur from time to time, and which are ignored by 
the fixed rules under which the mean equality point was deter- 
mined in each series. We must, therefore, have some other 
method of comparison which shall take these into account, al- 
though their importance is not so great as is that of the more 
regularly occurring judgments. The sporadic judgment, contra- 
dicted by those which immediately precede and follow it, is ot 
course largely due to a sudden subjective change in the obser- 
ver, but its significance lies in the fact that the objective condi- 
tions might allow these subjective conditions to be more effec- 
tive in one case than in another. 

The method adopted for doing justice to these scattering 
judgments was the comparison of the total number of judgments 
of each kind (¢. e., ‘ longer,’ ‘ shorter,’ and ‘ equal’ or ‘ doubt- 
ful’) for each value of the variable lines on the screen, for each 
of the two classes of series with the illusion shadows, with the 
corresponding classes without the shadows. Thus, for example, 
the totals of the different kinds of judgments when the variable 
was 23.5 cm. (the standard being 25 cm.), when the illusion 
was ‘long,’ were compared with the totals for the same point 


in the corresponding shadowless series; and so for all of the 
other lengths of the variable which were used in the experiment. 
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Here as before, the precaution was taken to compare each of 


the two classes of series in which the shadows were present 


only with the shadowless series taken in the same sets. 


There being three kinds of judgments, viz., ‘longer, 














i] 
‘f 
Fic ) 4M 
J 
"dd meet 
j 
f 7 
i | 
- | " 
: y'4 
| A 
i/ 
| 
- _t 7 
| TS 
* / 
/ 
a i] 
J f 
J fe 
ff J i 2 
FIG. 12 


Fic. 11. 


‘shorter’ and ‘ equal’ or * doubtful,’ there were then for each 
class three totals for each point in the scale. As each of these 


totals is significant only in so far as account is taken of the dis- 


tribution of the remaining judgments between the two remain- 
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ing totals, no direct comparison of the total judgments ‘ longer,’ 
é. 2@., in the shadowless series, with similar judgments in the 
opposite series could be made with advantage. According] 
the judgments of ‘short’ were taken as negative, the judg- 
ments of ‘ long’ as positive, and the judgments of ‘ equal’ « 
‘doubtful’ as zero. The algebraic sum of these judgment: 
then, at a single point on the scale when the shadows wer 
present, or, on the other hand, when they were absent, fairl, 
represents the character of the total of the judgments at tha 
point. As the series were always begun well within the region 
of apparent ‘ shortness’ and ended well outside of the region ot 
equality, it was assumed that it was possible to supply judg- 
ments at either end of those series that did not reach the limits 
of the extent of the scale taken for comparison, thus keeping 
equal the total number of judgments throughout the scale. 

Figs. 5 to 12 give in a graphic form the results of this com 
parison. The abscissas represent the different lengths of th 
variable line expressed as distances in millimeters from re 
point where standard and variable were equal; negative values, 
of course, representing a variable shorter than the standar 
and positive a longer. Hence the values here given, plus 
twenty-five centimeters, show the actual length of the variabl 
The ordinates represent the algebraic sum of positive, negative 
and zero judgments. The continuous line gives the value fo: 
shadowless series, the dotted line that for series with shadows— 
in Figs. 5 to 8 so placed as to give the illusion ‘ short’; in Figs. 
9 to 12 * long.’ 

When treated in this way the results are less striking than 11 
the case of the tables of general averages. If an effect of im- 
i. shadows were to appear in the graphs, it would in 
Figs. 5 to 8 be evidenced by the fact that the ordinates of 
alee: on the dotted lines would incline more toward positive 
values than the corresponding ordinates of the continuous lines: 
and more toward negative values in Figs. 8 io 12.. This would 
bring the dotted line to the left of the continuous line in the 
first group of figures, and to the right in the second group. In 
some of the actual curves, however, the dotted line shows no de- 
cided tendency either way (Figs. 5, 8 and g). In Figs. 6, 10 and 
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11 the relation is faintly in accord with what we should expect 
if the shadows were effective; while in 7 and 12 the agreement 
is quite striking. If this accord were a mere matter of chance, 
several of the curves ought to be not simply neutral, but posi- 
tively opposed to this course. None of the graphs, however, 
has this character. So that, on the whole, this third mode ot 
treating the results also is favorable to the view that the shadows 
were operative in determining the judgment. 

We may now sum up the results of our investigation. We 
have found three main points. First, when we compare the 
series set by set as they were taken, we find that for each sub- 
ject the large majority of the sets compare as they should if 
the illusion were operative. Second, we find that the averages 
of the sets compare without exception as they should under the 
foregoing hypothesis, a result which does not necessarily follow 
from the foregoing result. Third, we find that the totals of 
the judgments at the various points on the scale are, to a re- 
markable extent, in conformity with the same hypothesis. 
These three methods of comparison cover every relation of the 
series which can fairly demand attention, and hence may be 
taken as exhaustive of the results of the present experiment. 

A question of such importance as that with which the present 
discussion deals requires, however, the maximum of careful in- 
vestigation before we dare call it settled. The results detailed 
above strongly suggest that the imperceptible illusion-figure is ac- 
tive in producing psychical results, but for the sake of conclusive- 
ness additional experiments should be carried out so as to permit 
the comparison of series in which the shadows are in one posi- 
tion directly with other series in which the shadows are in the 
opposite position, using a modification of the method of right 
and wrong cases, consisting in plotting the error curve for the 
progressive intensities of the shadows by the method of Least 
Squares, and then comparing this with the empirical results 
obtained by the actual trial of the different intensities. This 
method of procedure is not absolutely necessary, but is advis- 
able on account of the added satisfaction derived from ap- 


proaching the same problem by diverse methods. 
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VISUAL PERCEPTION DURING EYE MOVEMENT 


BY ASSOCIATE PROFESSOR RAYMOND DODGE, 


Wesleyan Unitverstt) 


SecTIon I. Two Sources or ERROR IN INVESTIGATING THI 
PROBLEM. 

The problem of determining the character of visual percep- 
tion during the movement of the eye from one point of f-xation 
to another presents some exceptional difliculties to a psycholog- 
ical investigation. 

During the visual examination of an object of any consider- 
able size, say 5°, we are commonly conscious of a series of 
eye movements ‘following the contour lines,’ etc. On the 
other hand, the careful examination of a minute part of such 
an object certainly demands more than a continuous movement 
of the point of regard across it. We fixate it directly for 
appreciable length of time. 


If one endeavors to distinguish by mere introspection be- 
tween the visual data acquired during the eye movements a! 


those of the fixation pauses, an insurmountable difficulty will 


be discovered, viz: All self-observation of the eye movement 
and fixation pauses is utterly unreliable. 


Attention has recently been called to this difficulty in a num- 


ber of ways. It is now well known, for instance, that the eyes 


make a very regular series of full stops in reading; but even 


Fe 


the trained psychologist is unable to give a reliable account ot! 
the points fixated at these stops, or even of their number, from 
mere self-observation. 

A less experienced observer is quite unable to tell whethe: 
given eye movement was broken by a stop or not; and even 
after more than five years’ study of the eye movements, | 
have no confidence in my own judgment in the matter, if it is 
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unverified either by the direct observation of an assistant or by 
some form of registration. 

Direct observation by an assistant is by far the simplest and 
least questionable control. It has been used throughout the 
following experiments. Only one precaution is worth mention- 
ing; and that is so obvious from general principles that it needs 
no elaboration. The assistant must not attempt to follow any 
point of the moving eyeball in its excursions; but must rather 
fixate some point of the lid or eyelash, which is relatively at 
rest. 
artificial fixation point, independent of the eye. 

While this fundamental difficulty is so easily overcome by 
the simplest experimental conditions, it is obviously not impos- 
sible that, without these, it may have led even trained investi- 
gators into believing they saw during eye movement that which 
was really seen during an unnoticed fixation pause. 

A second source of error in the investigation of our problem 
is the familiar difficulty of distinguishing the centrally con- 
ditioned elements of a percept from those which are peripherally 
conditioned. It is perhaps most widely known as the proof- 
reader’s fallacy. A striking example is a phenomenon, well 
known to all who have worked with the tachistoscope. When 
a long word or phrase is grasped, even those parts seem to 
stand out clear and distinct, which a continuous exposure shows 
to have been so far out of the field of direct vision as to pre- 
sent a hopelessly indistinct blur. 

We have no subjective criterion by which to distinguish the 
perceptive from the apperceptive elements in any given percept. 
Hence it follows that when we clearly recognize parts of a field 
of vision which a careful test shows to have been peripherally 
indistinct during all of the fixation pauses of the eye, the con- 
clusion is almost inevitable that the clear perception was due to 
clearer vision during eye movement. 

This second source of error is not as easily verified and con- 
trolled as the first; nevertheless it is the first thesis of this paper 
that the apparent clear perception of an object during eye move- 


ment is an z//uston, due to these two fallacies of self-observa- 


tion. 
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Section II. CrLeArR PERCEPTION OF A COMPLEX FIELD o} 
Vision Durtnc Eye Movement ts IMPossIBLeE. 

The first attempt to determine how much of a complex field 
of vision could be apprehended during the uninterrupted move- 
ment of the eyes was made, so far as I am aware, by Profes- 
sor Benno Erdmann and the author,'in an attempt to explain 
the meaning of those strangely rhythmic pauses of the eye in 
reading every page of printed matter. 

It was then we chanced on the observation that when the 
head was held perfectly still we could never catch our own 
eyes moving in a mirror. One may watch one’s eyes as closely 
as possible, even with the aid of a concave reflector, whether 
one looks from one eye to the other, or from some more distant 
object to one’s own eyes, the eyes may be seen now in one po- 
sition and now in another, but never in motion. 

This seemed to me and still seems explicable in only one 
way. 

The simple experiment is singularly precise. Since the 
phenomenon to be observed only occurs while the eye is mov- 
ing, a pause in the movement, even if unnoticed, can do no 
harm. Even the apperceptive illusion has no chance, since it 
would tend, not to constructive imagination of a movement, but 
rather towards a greater clearness of the peripheral parts of the 
field of vision. There are two new sources of error, however, 
which demand experimental precautions. Slight, involuntary 
movements of the head produce conditions in which the eyes 
seem to move. They are best prevented by a Helmholtz head 
rest. Again, any abnormality in the movement of either eye, 
which causes it to move slower than the other, will make the 
end of its movement visible to the eye already at rest. This 
makes it advisable to confine the experiment to a single eye, 
shutting out the other by a screen. 

The same lack of clear perception during eye movement may 
be discovered when the object is stationary, provided one takes 
the necessary precautions against the ever-threatening illusions. 

If one fixates the beginning of a line on this page, for ex- 

1 Psychologische Untersuchungen iiber das Lesen. von Benno Erdmann und 


Raymond Dodge, page 69 et fol. 
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ample, the words in the middle of the line will be altogether 
illegible. The same will be true when the right end of the line 
is fixated, though the general character of the line is seen from 
both fixation points. If we look quickly from one end of the 
line to the other, it will seem as though we saw the letters and 
words during the movement, but an analysis of what was seen 
will show that we have not seen a particle more than we saw 
from one fixation point or the other. 

This was the experiment by which Professor Erdmann and 
the author demonstrated the fact that the rhythmic pauses in read- 
ing are the moments of significant stimulation. Doubtless most 
who try it carefully will fall victims to the first difficulty. It 
will be clear that when the eye moves as rapidly as possible 
from one fixation point to the other nothing new is seen; but 
it will seem that, when the eye moves more slowly, the entire 
line is seen very distinctly. If the observer takes the precau- 
tion to have some one watch his eyes, as recommended, he will 
find that what in self-observation passes for a slow movement 
of the eyes is in reality broken by one or more clearly defined 
full stops. An assistant watching the observer’s eyes will be 
able to predict with absolute correctness when the middle of the 
line was clearly seen, and when not, by the presence or absence 
of these full stops. 

The rapid alternation of black and white stimulation by a 
line of letters is not the only condition of eye movement blind- 
ness. If a simple letter or figure is placed between two fixa- 
tion points so as to be irrecognizable from both, no eye move- 
ment is found to make it clear, which does not show a full stop 
between them. Four or five lines, close enough together to 
prevent counting, may be substituted for the letter with the 
same result. This is more easily explicable when the lines are 
perpendicular to the line of movement, but the same result also 
obtains when they are parallel. 

Any attempt to explain these phenomena by reference to 
the known laws of the action of a rapid succession of stimuli is 
met by the problem, which Professor Cattell emphasized in a re- 
1 


cent significant article ;' viz, why we get no characteristic lines 


‘On Relations of Time and Space in Vision, by Professor J. McKeen Cat- 
tell. PsycHoLoGicaL REVIEW; vol. 4, 325 et fol. 
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of fusion. It is true that I believe I can detect such faint gray 
lines of fusion; for example, during long eye movements across 
a page of print; but the great majority of those I have tested 


discover nothing of the sort. 


~ 


SecTion III. THe Hyrotuesis or ANatsTuEsiA Durine Ey) 
MovEMENT. 

The possibility early occurred to me that the movement of 
the eye might condition a momentary visual anesthesia. This 
seemed to be supported by the fading of after images during eye 
movement and similar phenomena. This hypothesis is, how- 
ever, false. It is rendered improbable by the perception of long 
streaks of light seen when the retina moves across the image 
of a bright point of light on a dark ground. It is disproved by 
the following experiment: 

A disk of black cardboard thirteen inches in diameter, in 
which a circle of one-eighth inch round holes, one-half inch 
apart, had been punched close to the periphery all around, was 
made to revolve at such a velocity that, while the light from 
the holes fused to a bright circle when the eye was at rest, when 
the eye moved in the direction of the disk’s rotation from one 
fixation point, seen through the fused circle of light, to another 
one inch distant, three clear-cut round holes were seen much 
brighter than the band of light out of which they seemed to 
emerge. This was only possible when the velocity of the holes 
was sufficient to keep their images at exactly the same spot on 
the retina during the movement of the eye. The significant 
thing is that the individual round spots of light thus seen, were 
much more intense than the fused line of light seen while the 
eyes were at rest. Neither my assistant nor I was able to de- 
tect any difference in brightness between them and the back- 
ground when altogether unobstructed. 

In passing, it may be worth mentioning that the required 
result was reached when the holes had a velocity of one inch 
in 220, and the arc of eye movements was 4.7 

The lack of suitable regulation for my disk prevents my 
following out the experiment; but it is certainly striking that 
this result is much closer in accord with my measurements of 
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the eves’ velocity by the Lamanski method, than with the meas- 
urements obtained by the eye cup and pointer method by Huey. 
The experiment seems well worth while carrying further by 


some one who has access to suitable apparatus. 


Section IV. PERCEPTION OF A SIMPLE FIELD OF VISION 
ExposEp ONLY DurING EvYE MOvEMENT. 

In all the direct experiments thus far published, except th« 
self observation in a mirror, the influence of the vague periph- 
eral image of the object seen during the full stops at the first 
and second fixation points unquestionably interferes with any 
attempt to determine just what is seen during the eye movement. 
The tendency is towards a belief that the same amount is seen 
during the eye movement as at the more favorable fixation point. 

Adequate experimental conditions for the investigation of 
the positive side of our problem demand a complete separation 
of the fields of vision during the movement and during the 
periods of fixation. An exposure apparatus is required, depend- 
ing for its action on the movement of the eyes, so that objects 
will be exposed during movement and covered when the eye is 
at rest. 

The conditions for such an arrangement are furnished by 
the movement of the eye itself. Since the axis of rotation is 
within the eyeball, in every eye movement the pupil travels 
through an are equal to the arc of movement of the point of 
regard. If the arc of movement is large enough, the pupil 
may be made to travel the entire width of an open slit ina 
screen, through which objects behind the screen will be exposed 
as the eye is passing the slit, while they will be completely 
hidden by the screen at both termini of the movement. Taking 
24 mm. as the diameter of the eyeball and 5 mm. as the ordi- 
nary maximum diameter of the pupil in daylight, it will be 
seen that the arc of movement which would carry the pupil 
entirely across a slit 5 mm. wide would be 72°. In practice, 
however, it is better to have the slit somewhat smaller and the 
arc of movement about 80°. 

The necessary apparatus may be easily built up from ma- 
terial in every laboratory. As used in the first part of the fol- 
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lowing experiments it was essentially a simple perimeter, fixed 
in the horizontal plane, to which was attached a firm head rest 
and a special eye-piece. This latter was composed of two 
screens of black cardboard, set at an angle of about 30°, con- 
verging immediately before the eye, and so adjusted that when 
the eye looked at the center of the perimeter it looked between 
the screens through a slit 4 mm. wide, standing about 4 mm. 
from the cornea. The length of the exposed surfaces may be 
15° or even more. The best results were obtained when the, 
were not longer than 10°. All reflection from the black card- 
board should be carefully shut out of the eye by secondary 


screens. For fixation points small bright steel rods were used. 





They effect a minimum retinal area and are very distinct. 
Whatever the fixation point used, each should be visible trom 
the other. 

The first experiments with this apparatus were altogether 
negative. White cardboard filling the whole ten degrees of 
the field of exposure was wholly unseen. The result was th 
same when colored surfaces were substituted for the white. 

Fearing the unusually long movement might be an unfavor- 





able condition, a modification of the apparatus was devised t 
shorten the arc of movement to 50°. The plan of this moditi- 
cation was to substitute the insensibility of the blind spot for the 
opacity of one of the screens of the eye-piece. It was effected 
by reducing the field of exposure to 3.5°, removing the screen 
a, and placing the primary fixation point in such a position for 


each observer that the field to be exposed fell completely within 
the blind spot. 

For convenience of comparison the two pieces of apparatus , 
were made entirely separate; the second form being built up ¢ 


on an ordinary perimeter. 
This apparatus has an especial experimental value besides 
shortening the arc of movement; viz, the exposure is made 


during the first part of the movement instead of in the middl 


It is, however, not without its disadvantages. For some eyes 


the primary fixation point must be 1°-2° higher than the field 
of exposure, if the latter is to fall comfortably within the blind 


spot. This renders the observations in so far questionable as 


a 











VISUAL PERCEPTION 461 


the field of clearest vision is not stimulated by the exposure. 
Moreover, the movement can be made to advantage with each 
eve in only one direction; since it is impossible to look from the 
second fixation point to the first with sufficient accuracy to insure 
the complete disappearance of the field of exposure within the 
blind spot, in a single uninterrupted movement. 

The results of the first experiments with the new form of 
ipparatus were also entirely negative. Five different colors 
ind white were exposed in the field five times each for both my 
assistant and myself, with the result that, when the eye move- 
ment was unbroken, the observer was unable to tell what had 
been exposed or even that anything at all had broken the black 
yf the perimeter. My own primary fixation point was directly 
in line with the upper edge of the field of exposure. My assis- 
tant’s was 1°30’ above. 

Subsequent experiments under exactly the same objective 

nditions have given quite different results. But I believe 
these first experiments are important as showing the difficulty 
t perceiving the simplest possible change in the field of vision, 
luring eye movement, without special training. It is certainly 
gestive of a central explanation for the absence of bands of 


“SP RGs 
a4 


tusion under ordinary conditions. 

These failures suggested an increase of the illumination 
t the field of exposure. A ground glass plate, illuminated 
trom behind by a bright, sunlit landscape, was substituted for 
the white cardboard in the first form of apparatus. Under 
these conditions a long band of light was iminediately evident 
iteach movement of the eye. This band uniformly appeared 
longer than 10° even when the length was known. There 
vere no sharp boundary lines; particularly was this true in the 
rection of movement. This is probably due to a peculiarity 
t the apparatus, which is of great service in experiments on 
tusion. Each screen bounding the open slit is really an opaque 


oay, intervening between the eye and the object, and exposing 


lirst one part and then the rest as the edge of the pupil moves 
across its edge. If the slit is near the eye, however, this func- 


on 1s entirely overshadowed by another, viz: that of a dia- 


phragm, increasing and decreasing the brightness of the image 
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on the retina. Thus, when the pupil moves into the pencil of 
rays which has passed the slit, a point may be found at which 
a very faint image of part of the 10° field of exposure can be 
seen before the other part comes into view. This first faint 
stimulation, as well as the corresponding stimulation as tly 
pupil passes out of the pencil of light, affects a portion of th 
retina not further stimulated, giving rise to the very faint ends 
of the band of light as it passes off into black. In experiments 
with a complex color field these ends are too faint and too fa 
from the field of clear vision to cause any inconvenience. 

Except for the indefinite edges, the band of light appear 
homogeneous, but very much less intense than the ground g] 
during direct fixation. 

[f colored gelatin plates were placed in front of the grou: 
glass, the colors, though dull, were always distinguished fr 
gray and from the other primary colors. 

Under the influence of these experiments, a return to t! 
previous conditions showed a decided difference in ability t 
the bands of light. At best, however, they had a vague cl 
f t 


like appearance, and the colors were mere tintings of 


cloud. 


SecTION V. PERCEPTION OF A COMPLEX FIELD oF Vis! 
EXposED ONLY DuRING EvyE MoveMENT. 


The experiments have thus far dealt only with the simplest 
possible fields of light or color; but the qualitative modificati 
of these fields by the movement of the eye clearly indicates th 
influence of their background. The problem of this influenc 
is of the highest theoretical importance. Professor Cattell 
holds that the differences in the field of vision do not fuse during 
eye movement; but that, on the contrary, its various element 
may be distinguished with extraordinary ease. 

It is certain that we do not ordinarily find in consciousness 
any sign of a fused field of vision during eye movement. Tht 
long failure of physiological optics to correct the illusion 0! 
clear vision during eye movement is undoubtedly due in large 
measure to this lack of a fusion consciousness. In spite of it, 


however, it is now possible to show experimentally that whe 
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a complex field of vision is perceived during eye movement it is 
seen fused. 

A partof a page of print exposed in place of the white card- 
board in the original apparatus gave a perfect though shadowy 
series of gray bands on a lighter gray background, in which 
individual letters or words were absolutely irrecognizable. The 
gray bands seemed homogeneous, without sharp boundary lines 
and of uncertain length. 

Two white surfaces separated by a vertical black stripe, 
2° 30' in width, gave a homogeneous gray band, again without 
sharp boundaries and of uncertain length. There was no trace 
of an independent black stripe. 

The last form of apparatus described was by far the most 
satisfactory arrangement for the study of color fusions. In 
front of the ground glass plate, illuminated as before by a 
bright landscape, was brought a black screen, perforated by 
four vertical slits which could be filled with colored films at 
pleasure. Each slit was 1° in width and four times as long 
as it was wide. They were separated from each other by 
equally large sections of the opaque screen. In front of this 
color screen was placed a movable screen, with teeth rising to 
the middle of the slits in the first screen, so arranged as to cover 
at will the lower half of either set of alternate slits. Since the 
same color always filled the alternate slits of the color screen 
this gave a valuable basis for the comparison of the dull band 
of apparent fusion of colors, with a juxtaposed band, first of one 
color and then of the other, as the sliding screen was adjusted. 

The resulting fusions were thoroughly normal. 

Colorless bands resulted from filling the alternate slits with 
complementary colors. Red and yellow gave an orange band; 
red and blue a purple one. 

Although the difference between the upper and lower half 
of the field, 7. e., between the mixed and the simple colors, was 
always clear, the bands had throughout the characteristics 
previously mentioned. They were elongated, dull in color, 
and had uncertain boundaries. In no case of unbroken eye 


movement were the contents of the different slits distin- 
guishable. 
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Section VI. Tue GENERAL FAILURE TO SEE A Fusep 
FIELD oF VisIoN DURING OrDINARY EYE MOovEMENT. 


The question naturally arises why we fail to notice the fusion 
which the experiments clearly show must occur with almost 
every movement of the eye from one point of regard to anothe: 
Their persistent absence is, I am convinced, centrally as well 
as peripherally conditioned. It is my opinion that the differenc 
between the results of the first and second series of experiments, 
with the first apparatus, under the same objective conditions, 
was due chiefly to a difference of apperceptive predispositior 
and attention; clearly indicating a most important factor in any 
explanation of the non-perception of the faint stimuli during 
ordinary eye movement. If our attention were habitually at 
tracted by them, it must seriously disturb our clear vision 
each new fixation. We should, consequently, rather expect 
them, like the entoptic phenomena, to be systematically ignored 
and even to require experimental conditions to demonstrat 
their existence. 

In respect to the peripheral conditions, we must remembe: 
that it is only in complex fields of vision that the problem has 
any meaning. If the field of vision is simple or homogeneous 
in the planes perpendicular to the axis of rotation of the eye. 
stimulation during eye movement could not be differentiated 1 
any way from that during the fixation pauses. 

In any complex field of vision, the successive stimulation o! 
each point of the retina by its various parts must tend to even 
up the total stimulation of those parts affected, and to break 
down the sharper contrasts of the fixation pauses. This is es- 
sentially a process of equalizing retinal excitation and of pre- 
paring for a new fixation. 

Moreover, it must be remembered that the duration of the 
eye movements is very short, for movements of 10° certainly 
not more than 600, and,possibly less than half that. It will b: 
seen at once that the equalizing stimulaticn during the move 
ment of the eyes scarcely covers the duration of the most pro- 
nounced after-effect of the intense stimulation at the preceding 
fixation pause; while the interference of the intenser stimula- 
tion of the succeeding fixation would make the faint stimulation 
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hardly perceptible, even if it had no after-effect of the previous 
fixation, and no central inhibition to overcome in establishing 
itself. 

There is strong evidence, with the details of which this 
article may not be burdened, that the equalization of the stim- 
ulation of each reading pause by the fusion during eye move- 
ment to the next fixation point is a very essential condition in 


the elimination of fatigue in reading, and as well in the preven- 


tion of error. 














MENTAL FATIGUE. I. 
BY DR. EDWARD THORNDIKE, 


Teachers College, Columbia University 


This paper is intended to be the first of a series of reports 
of a study of the nature of mental fatigue, some of the condi- 


+ 


tions affecting it, and especially its phenomena in school life. 
I hope also to discuss the methods and results of the man 
workers in this field in the light of some of the conclusions ap- 
parently justified by this study. 

It seemed wise not to undertake any statistical investigation 
of tatigue in school children until the fact ot mental fatigue 
had been carefully studied at some length ina few cases. The 
present section deals, therefore, entirely with the results at- 
tained by a study of subjects whose mental history during the ex- 
periments the investigator knew, whose method of work he could 
control and whose phenomena he could therefore interpret wit! 
some degree of assurance. It will also be wise to reserve any 
references to the work of others (of whom Professor Kraepelit 
is the most important) until these new data are presented. 

The present paper may best be introduced by a quotation 
from a preliminary notice printed in Sczence. ‘* Mental fatigu: 
may mean either the fact of incompetency to do certain mental 
work, or a feeling of incompetency which parallels the fact, o 
the feeling or feelings denoted by our common expressions 
‘mentally tired,’ ‘mentally exhausted.” Among the conclu 
sions to which the experiments have led are the following 
First, that the fact of incompetency is not what it has been sup- 
posed to be: second, that there is no pure feeling of incompe- 
tency which parallels it and is its sign, that consequently t! 
mental states ordinarily designated by the phrases mentioned 
are not states made up of such a feeling of incompetency 
are very complex affairs, and third, that these mental states 
are in no sense parallels or measures of the decrease in ability 
to do mental work. 
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We have been accustomed to think of mental work in terms 
§ mechanics. The mind has been supposed to lose its power 
to work as a rubber ball loses its power to bounce. As the ball 
ebounds to a lesser and lesser height, so the mind has been 
supposed to think with less and less vigor. We have talked as 
f sleep charged the mind with mental energy as a current 


ight charge a storage battery with electricity, and that then the 


my 
hdl 


ind had this stock to spend. As it spent it, it could exert less 


nd less energy in its thinking. According to such a view, 


+ 


ifter enough work has been done to get up a momentum, the 
umount of work the mind could do should steadily dec rease in 


yortion of some sort to the amount it had done since its last 


wo? 
| PO} 


rest. And the practical corollary (of tremendous importance ) 
to such a theory would be that, again barring the preliminary 
start which acts as a stimulant, a man was always mentally ex- 

usting himself, that in every day’s mental work we normally 


i] 


ipproached mental debility, that mental work brought the 
curse of mental incompetency as its constant shadow, large 
hen it was large, small when it was small. One would then 
] ° > . .} 4 -] } ’ o 
be prevented from doing much mental work when one’s mind 
needed rest simply by being unable to do it. 
} 


\nother theory would be that mental work had no sucl 


i} 


mstant warning attendant, but that certain extraneous results 
suthced in the realm of natural mental hygiene to prevent a man 
trom working when he needed rest. Just as a muscle is kept 
trom working, not by a mere decrease in the power of its tissues, 
but by the presence of certain poisons formed as by-products, 
)the mind may be kept from working not by mere inability 

work so hard, but by certain outside influences, ¢. g., feeling 
ored, sleepiness, headache, which are results of its activity. 
if the latter were the case, the inhibition of work would prob- 
ibly come by fits and starts, as these outside influences reached 
ummation points, became poison doses, so to speak, and would 
ot come in proportion to the work done. A man might work 


ird mentally for say eight hours and do just as much the last 


nour as the first. The curve of ability to work during the 


gress of work might be not a line like A but one like B, 


where the various sharp drops show the influence of the by- 
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products of mental work. It might also be that we could, per- 
haps not at all wisely, in some way inhibit the influence oj 
these by-products, and then find ability to do mental work undi- 
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minished to any serious extent by the fact of a large amount 
having been done without rest. 

This question seems fairly important, and is of course cap- 
able of being settled by experiment. The experiments to be 
here reported do not settle it, but their results, I think, strongly 
favor the latter theory. 

The method was to test the ability to do mental work before 
and after periods of hard mental exercise. The only strictly 
novel test of mental ability was mental mu!tiplication of nun 
bers of several figures each by one another. The results fron 
this test I report first because it seems a rather good one. It Is 
very hard work, at least it was for the subjects chosen, involves 


an unremitting and intense concentration of the attention, and 
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also rapidity and accuracy of the associative processes. The 
very slightest relaxation or confusion probably greatly affects 
the speed and accuracy of the work. A very little inability to 
work would, one would suppose, show itself at once in the results. 

The first experiment consisted in having a subject who had 
done five or six such examples, do two a morning on four 
mornings after good sleep and about an hour’s general mental 
activity, and, after doing hard mental work for from seven to 
twelve hours, to do two examples each evening. Ina second 
series the examples given in the evening in the first series were 
done in the mornings, and those of the mornings of the first set 
were done in the evening. We thus get sixteen such examples, 
each done once before a day of mental work and once after, 
and so arranged that practice favors neither side. Nothing of 
any particular example was ever remembered on any second 
trial with it.' In each case the subject looked at the numbers 
to be multiplied ten seconds, then closed his eyes and when he 
had the complete answer wrote it down. The time taken and the 
errors in the answers were recorded. In every case the even- 
ing examples represented a state of mind which had led the 
subject to stop work on the ground that he was fit to do no 
more. To start the work of the experiment was very irksome 
and required some exercise of determination. The record fol- 


lows. The subject was myself. 


rT 
TABLE I. 
Subject T. Mental multiplication. Set A, given before work in the first 
series and after work in the second series of tests. 


Time Taken Mistakes in Answer 


Fxample. — 
an Done before work. Done after work. Done before work. Done after work. 

a. 370 secs. I90 sec O I 
b. 215 260 Oo I 
c 345 300 
d 235 340 re) O 
c 300 340 ( I 
I 345 255 ( 
yg. 300 390 C 
h. 440 200 I O 

Total time 2550 2365 Total mis., 3 3 


'The following are representative examples: 762 x 649, 346 x 782, 279 x S64, 
964 x 728. 
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Set B, given after work in the first series and before work in th 
series of the tests. 
} 
if Time Taken Mistakes in Answer 
Example 
Done before work. Done after work Done before work Done afte 
i. $20 295 oO I 
] z 1K 340 O I 
k, 205 150 Oo 
os 2&¢e O 
Hi m 215 2 &( ) > 
n 260 195 I 
Oo. {OO 5 (@) 
97 68) p- 65 ay 
Total time 2080 214 To mis., O ( 
Tota! for 
both sets. 4630 505 2 ) 
T Pe «ee — <matlar —_— 
Che next table records the results of a similar experiment 
with a different subject, a college freshman, 16% years 
Tasie II. 
Subject E. T Mental multiplicatio Sé 1, given as in Tal ] 
I 1é Mistakes Answe 
Example 
Done be P k Done ter w D f worl Done 
} 7 30 sec 2n 15 8 
) 3 26 ; 7 > 
c. Tie 15 2 15 
1  £ ; oe 4 
“ee 5 + t t 
e } 2 ie ex f 
f. Cc 3a 3 24 3 
g 3 2 ( 2 
h. 3 ** = 2 12 { 
Total time 30 Mm. 37 sec 22 1 32 se Total mis., 16 ¢ 
Set B, gir s in Table 
r el en Mistakes in Answ 
Examples 
Done i 8) ter wor Done work. D 
i zn 20 Sec { I5 sec I 
; } I2 3 20 ( 2 
K 2 15 ! jO oO 
3 : 3 “* O2 { 
m. — ee ‘ ( 
n. .* oO 3 2 2 
re) a 15 .* 2s* I 
P jo " I 30 
Total time | 19 m. 42 sec 23m. 31 set Total mis., 13 15 
Totals for 
both sets. 50 m. 19 sec 17m. 3:seC 9 2 
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The mental work done on the days when tests were taken was 
perhaps not so severe in this case. It ranged in amount from 
five to twelve hours, and averaged nearly eight hours. 

The next table (No. III.) records the results of a similar 
experiment with a little girl eleven years old as subject. The 
examples were in this case done before going to school in the 
morning and immediately after return from school in the after- 
noon, z. é€., after an interval of seven hours, tive of which were 
spent in school. The examples in this case were easier, the 
tollowing being representative: 42 x 18, 45 x 56, 74 X 47, 
87 x 69. Four were given in each experiment instead of two. 
The subject had previously done eight such examples, though 


somewhat easier ones. 


TABLE III. 


Subject M. T. Mental multiplication. Set A, given as in Table I. 
Time Taken Mistakes in Answer 
: Done before work. Done after work Done before work.! Done after work 
2,354 Sm. 32 sec 5m. 10 sec I 
1, 12 7 . 5 30 O 2 
7, 16, IQ, 2 IO OO 9 1 pa 1 
[ time 26 m. 29 sec. 19 44 Se T< nis., I 3 
Set B, sive sin Table I 
rime Tak Mistakes in Answe 
i Cc 
Done before work Done after w Jon r ew Done er work 
6, 7,9 7m. 30 sec. gm. 40 sec. 2 
14, 15, 1¢ oon * G* 36 “ { { 
22, 22, 24 a” go 9 O I 8 
lotal time 20m. 16 sec 25 m. O5 sec FS 14 
i S tor 
th sets som. 45 sec 14m 19 sec é 17 


The interpretation of these data will come in more suitably 
iter certain others have been presented. As regards the 
method of solving the examples, each subject worked at the 
utmost speed consistent with conscious accuracy. In all cases 
teelings of boredom or fatigue were reported at the start of the 


1 ° 
late experim ents. 
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In the case of the last subject, M. T., it may well be that 
these feelings caused less eftort. In the case of the other two. 
so far as introspective results enable one to judge, these feel- 
ings seemed to be set aside and the work seemed to be done as 


well as possible. 
To supplement these tests, examples in addition were give: 
after rest and before work and after hard work before rest. 


The following is a fair sample of one of these examples: 
g I 


34797 
97504 
9°945 
O79 24 
68792 
795607 
SS806 
97745 
39799 
45¢ y7O 
59043 
67354 
54628 
QI1I76 


90251 


No two were used alike. 


As in the multiplication examples, the subject worked as 
fast as he possibly could without consciously making mistakes. 
The time taken and the number of mistakes in the answer were 
recorded ineachcase. Table IV. shows the records for myselt. 
It will be observed that the records vary very much in point ot 
speed. That is because during the period covered by the ex- 
periments I was doing similar examples for other reasons. Ot 
the exact amount of this practice at each date I have no record. 
But the reader can be sure that neither side was much favored 
by it, though the ‘before work’ ones may have had enough 


advantage here to account for their superior quality. The 
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mental work on the days when evening tests were taken was 
Leste 


nultiplication experi- 


approximately the same amount as in the 


ments of Table I. 
TABLE IV. 


Subject T. Addition. 
I Taken Mistakes in Answer 
Examples.’ Date 
. ) O1 Jone Done 
b work fte K ‘ fter \ 
Feb. 26. f I 
' s 55 2 
1 Feb. 28 5 
“se sé 114 ( 
f Mar. 3 } 
i Apr. 25 75 
‘¥ aa - m 
May 3. 55 2 
i” 63 I 
4 6 bs 73 
k. Mar. I 72 
‘s 98 
Mar 3 63 
4 6 het > 
f Mar. 4, 70 
| Mar. 7. 88 
May 4 15 
wc” 64s 35 
i May 24 50 
% i. 
Totals 659 Secs. 754 secs 7 st S mis 


Table V. shows the results of a similar experiment with 
Miss K., a college senior. 

Besides the mental multiplication and the addition, the speed 
ind accuracy of the perception of small diiterences was used 
as a test with Miss K. and T. (myself). Twenty-four small 
cards were used, each having on it a line. These lines were 
of lengths trom 15 to 30 millimeters, sixteen of them forming 
in arithmetical progression and the other eight being duplicates 
ot some of them. The subject was required to place these in 
rder according to the length of the lines. Record was kept 
of the time taken and the number and degree of misplace- 


ments. 


a and b were examples of only 60 figures instead of 10 
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TABLE V 
Subject, Miss K Addition 


Time Taken Mistakes in Ar 


Examples Date 
' Done Dou Done De 
before work ifter w before work 


4 4 

d. 3 15 

e. 2 m. 45 sec 2 

E. 4 x 2 

Mar. I : 

g 4 K I 

h. 3° 4” I 

& Before work. . 45 

i. Mar. Ig. [ » 2 

3 After work. eS 35 3 I 

;. Mar. 2. 2 OO 2 2( I 

m. Before work. - X 2 5 

n Mar. I. > Ge. fy Ls re 2 

Oo | After work =: | ike = I 

p- Mar. 18. a: 2° rp“ y 6 

q- Before work. z” to 2 ‘* as > 

r Mar. 20. . = 3 I 

2 ‘ “ o. 

Ss. After work. I 50 2 I 

a Mar. 4. 15 2 g + 

u. Before work. 2 O05 2 5 I 

v. Mar. 5 2” to * a = 

Ww. After work 2” to” 2 5 I 
4 Mar. Ig. 2.” eo : s 
Totals 45 m. 35 sec 54 m. 40 sec I$ 21 
Nore.—It will be observed that the ‘ Before work’ tests have 

vantage in point of practice. Subject K. had pains in her eyes in the 


frequently. 
Miss K. did this before work on March 3d and March 


with the following results : 


Time N f D Ss} ( 1ents To I 
March 3d 300 Set 7 9 
i" ith 260 ** 5 9 


On March 14th and March 15th the same subject did 


same thing after the day’s work. The record is: 


March 14th 300 Sec f ( 
sie sth 250 5 f 


The subject T. did it before work February 28th with 


following results : 


220 Sec. 


After work, April 25th, with the following results: 


344 sec 
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The experiments recorded so tar have shown the influence or 
lack of influence of mental work of a general nature on the 
ability to do mental work of a particular sort. In order to get 
additional data on this point and also some data about the in- 
fiuence of mental work of a particular sort on the ability to do 
that same sort of work, experiments of another sort were con- 
lucted. In these the subject did for some time mental multipli- 
cation or ordinary addition, and the rate and accuracy of his 
work in the early part of the time was compared with that of 
his work during the latter part. In some of these experiments 
data to compare with those already presented were gained by 


civing simple tests of general ability to do mental work before 


ind after the special work. 

Table VI. presents the results of two and one-third hours’ 
inremitting work at mental multiplication, the numbers to be 
multiplied being of four figures each, e. g., 8967 x 4532. I., 
who was the subject, had previously had the practice of experi- 
ment 1. The experiment began.about 3 P. M. I had worked 
three and a half hours in the forenoon, and twenty minutes just 
before starting the experiment. For certain reasons my emo- 


tional tone was very pleasant. 


TABLE VI. 
Subject T 


“ : is sin : - - oo 
Example rime taken Mistakes in Example Time taken Mistakes in 
answer answer 
min. sec. min. sec 
I 12.10 2 6 17.30 2 
2 10.20 I 7 15.5 2 
3 19.50 ( S 14.20 O 
4 12.40 I 9 11.50 
5 16.00 Oo 


t will be observed that whether one compares the first fourth, 
third or half of the work with the last fourth, third or half re- 
spectively, one finds only very slight differences. Thus, the 
first two examples took 22 min. 30 sec. with 3 mistakes, the 
last two 26 min. 10 sec. with no mistakes; the first three 42 
min. 20 sec. with 3 mistakes, the last three 42 min. with 2 mis- 
takes; the first four 55 min. with 4 mistakes, the last four 59 
min. 30 sec. with 4 mistakes. Yet the effort of holding the at- 
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tention to this work during the latter period was to consciousness 
considerable. The later examples were to persons doing them 
out on paper of the same difficulty as the earlier. 

Table VII. records the results of a similar experiment wit 
numbers of four figures each, the subject being E. T. who had 
had the practice in multiplying mentally shown in Table IJ 
This subject proved very capable at this work, and it was per- 
haps not so hard for him as for T. Though he did ten ex- 
amples of the same difficulty as those of Table VI., he worked 


only one hour and ten minutes atit. He started at 8:30 A. M., 





after eleven minutes of work. 


TABLE VII. 


Subject Eg. FT 


Example Time taken Mistakes in Exam pl Time taken Mis .akes 
answet ins\ 
min, sec min. sec 
II 6.45 2 15 6.40 I 
12 5-45 4 19 6.40 
13 5.30 I 22 7.00 2 
15 7.20 I 23 6.00 
16 7.20 I 24 7.00 


The first five examples thus took 32 min. 40 sec. with 9 
mistakes, the last five 33 min. 20 sec. with 5 mistakes. Thi 
totals for the first four and last four are 25.20, 8 mistakes, a1 
26.40, 4 mistakes; for the first and last three they are 18 mit 
with 7 mistakes and 20 min. with 4 mistakes. 

Table VIII. shows the results during 1 1-5 hours of unre 
mitting addition. The examples were of the same difficulty as 
the one printed. The subject was T. (myself). I had had 
the practice shown by Table IV. up to March 7th and its pre- 
liminary, and had also done some eight of these examples fo1 
another purpose. I had worked four hours before luncheon, 
and did this experiment because I felt unable to do any regula: 
work. The work was begun at eight minutes of three att 
thirty minutes of other work. Luncheon and a rest filled th 
time from 12.30 to 2.20. 

If we compare the work of the first eight examples with tha! 


the 


of the last eight, the totals are 15.25 with 4 mistakes for 
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rT. y 
Paste VIII. 
Subject T. Addition 
Example Time taken Mistakes in Exampl Example Mistakes in 
answet auswer 
min. sec min. sec 
5, 6, 7, Os» 5.10 2 25, 26, 27, 25 6 45, 2 
a 10, 13, i 7.15 2 29, 30, 31,(32)! 5.56! 
12, 14, 15, 16 6.25 2 2, 3.4 5.15 I 
17, 15, 19, 20 7-20 2 I03, 104 3.30 
21, 22, 23, 24 5.50 ¢ 


former, and 14.41 with 1 mistake for the latter. Taking the 
first and last twelve we have 21.50 with 6 mistakes and 21.26 
with 4 mistakes. Taking the first and last sixteen we have 
29.10 with 8 mistakes and 30.16 with 4 mistakes. 
On March 28th after three hours’ work and an hour and a 
uf for luncheon and rest I did eight examples of this same 
sort at intervals during an hour and a half of mental work 


computing errors 1n experiments and recording results). The 


° ] - e s ° 
ecordas are as foll WS: 
rr . 
Taste IX. 
Subject 7 4 itl 
uf, + L- < * m . om ‘ + ak 
ple rime taken IStS RSs 10 Example Time taken Mistakes in 
inswer inswel 
IO5 sec. é t 95 sec. 
53 ed ( P 70 ) 
a So ** oO u oo °* 
S. . Oo Xx. 


Beginning at 9.20 P. M. of the same day after a rest from 
3; P. M. tog P. M., I did at intervals during an hour of mental 


work nine more examples. The records follow : 


TABLE X. 


Subject T. Addition 
ple Time taken Mistakes in Example Time taken Mistakes in 
answer answer 
oo sec. I oO. So sec ( 
= sé L om 66 
Vv. 95 I K. 75 2 
S46 g. 72 Ps 
go Ex ( h. 75 oO 
go I 


'The record of 32 was lost, so that I have taken as the time for 29, 30, 31, 
three-fourths of the time recorded for doing all four. 
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Comparing the first four with the last four we have 5 min. 
49 sec. with two mistakes and 5 min. 2 sec. with two mistakes. 

Before and after the mental work recorded in tables VI., 
VII. and VIII., various tests of ability to work were given. 
A statement of the results they manifest will complete the pres- 
entation of the data concerning the amount and manner of in- 
fluence of work done on the ability to do work. 

Before the mental multiplication of Table VI., addition ex- 
amples q, r, s and t were done, and after it examples u, v, w 
and x. The record of the early set 1s 422 seconds with 1 
mistakes; of the late set 407 seconds with 7 mistakes. Before 
and after the mental multiplication of Table VII., E. T. did ex- 
ample 1 (addition) and sorted the lines mentioned on page 457 
After the mental multiplication he did example 2 and agai 
sorted the lines. The records are for the early addition 3 min 
45 sec. with 2 mistakes; forthe late 3 min. 30 sec. with 1 mis- 


take; tor the speed and accuracy of perception the early test 


took 4 min. 45 sec. with 8 mistakes, involving ten degrees of 
displacement; the late test taking 3 min. 50 sec. with 10 mis- 
takes, involving ten degrees of displacement. Before and atte: 
the addition work ot Table VIII., subject T. was tested for the 
time of recognizing and naming the cards in a pack, for the 
time of sorting a pack into piles of aces, deuces, etc., for the 
speed and accuracy shown in marking on two pages of practic- 
ally equal difficulty all the words containing the letter e, an 
for the speed and accuracy of mental multiplication. 


The results were as tollows: 


Before work After work 

Recognition and naming. 65 sec O mist, 56 sec O mist 

g 5 
Sorting cards. I20 * o ¢§ 104 * —_ 
Multiplication oe * go = 605 ‘* ( 

t Te 

: 161 marked 160 marked 
Marking words. f 180 ‘5 : ’ 172 ‘ - 

‘5 6 omitted 49 2 omitted 


To judge what part the practice of the first trial played, the 
subject seven weeks later performed similar tests, but separated 
this time by a period of rest. The times for recognition were 
56 and 56, for sorting the cards 110 and 106, for marking 


words 165 and 158. 
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Now the conclusion which all these data strongly suggest 
is that the fact of relative incompetency is not to be explained 
as the result of a decrease of mental energy in general. Men- 
tal energy, if it means anything, must mean a something which 
mental work uses up in regular proportion to the work done. 
But incompetency, mental fatigue, does not come in regular 
proportion to the work done. In general it comes very much 
more slowly. A great deal of mental work can be done with 
very little change in the ability to work. Thus Table 1. shows 
that although there were over 400 chances to make mistakes in 
the associations involved in multiplying, besides all the chances 
to forget the figures (about 18 per example) and the positions of 
each of those figures, yet only six more were made in the work 
done late than in that done early, and the work was done more 
quickly. Table II. shows no decrease whatever in the ability 
to work due to the work done. Table III. shows that with over 
300 chances to make mistakes in associations and correspond- 
ing chances to forget the figures and their positions, only eleven 
more were made in the late set, and Jess time was taken. Table 
IV. may show nothing more than the change in ability due 
to practice or a slowness in recognition due to the inferiority of 
artificial illumination, or the physical fatigue of the sense or- 
gans. If these factors play no part, there is a clear, though 
slight, decrease in speed and accuracy. Table V. shows a 
clear decrease in speed, which, however, may be referable to 
difficulty in vision during the late tests. Tables VI., VII., 
VIII., IX. and X. show that the decrease in energy does not 
have enough influence to outweigh the influence of practice. 

We see also that the change in ability to work is not in any 
regular proportion to the work done. If, for instance, E. T. in 
test 11 had worked twenty-four hours instead of eight, he 
would in some cases undoubtedly have been entirely unable to 
multiply three figures by three mentally. He would have fal- 
len asleep or become mentally confused or have failed to keep 
in mind the first half of the work while doing the second halt. 
Eight hours’ expenditure of mental energy had no influence on 
his ability to do the work, while twenty-four hours would have 


almost destroyed it. 
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The fact seems to be that mental fatigue is a very complex 
affair; that it is not a simple matter of less mental energy but 
a name that stands for slowness of associations, inaccuracy or 
inappropriateness of associations, lack of inhibition or irrele- 
vant ideas, interference with purposive trains of thought by 
feelings of ennui, of bodily pain and strain, thoughts of pleas- 
ant activities, impulses to stop work, mental confusion, sleep- 
iness, physical fatigue of the eyes, and perhaps a number of 
other things. It seems to the present writer that the most hope- 
ful way to attack the problems of mental fatigue is to resolve 
the fact into such elements and to study each by itself. For 
instance, the influence of certain kinds and amounts of work 
on the speed of associative processes is easily estimated. And 
so with the influence of work on the other factors. Until one 
so discards the notion of general mental fatigue, one’s questions 
and results are largely meaningless, for they are so vague. 
Fatigue of a muscle is a definite thing, viz, relative inability to 
overcome resistance, but fatigue of the mind means inability to 
do the right &zzd as well as the right quantity of work, and 
may refer to sonnet-writing, logical theorizing, sharpness ot ob- 
servation or a hundred other different sorts of things. 

So much for the fact of fatigue. Our second conclusion 
that there was no pure feeling of general mental incompetency 


is, of course, the result of personal introspection, though unde: 
test conditions. When I tried to analyze my feelings during 
states which in accord with the social consciousness I called 
feelings of mental fatigue, of inability to do mental work, | 
found in them emotions of repugnance at the thought of certain 
forms of mental activity, amounting sometimes to a sort ot 
mental nausea; feelings of dulness or stupidity (by which 
names I mean a state of unsuggestiveness, of insipidity), cra- 
vings for certain familiar forms of mental relaxation, feelings 
of sleepiness, heavy feelings in the head, pains in the chest or 
back (from leaning against a table and sitting upright during 
work) and sometimes a feeling best characterized by the awk- 
ward phrase mental ‘ goneness,’ which reminds one of the feel- 
ing of physical faintness. This last is most likely the supposed 
feeling of incompetency, but I get it only very rarely and not 
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necessarily after especially hard mental work. I fancy that it 
has some direct physical cause. I was constantly surprised to 
find myself when feeling, as I would certainly have said, 
‘ mentally tired,’ unable to demonstrate in the feeling any- 
thing more than an emotional repugnance to the idea of doing 
mental work. On at least half the occasions this seemed to be 
all there was. 

If this account of the feeling of fatigue is correct it corrobo- 
rates the previous account of the fact of fatigue. If the latter 
were the complex of conditions we supposed, we should not ex- 
pect that there would be any pure feeling of mental inability. 
The introspection on which I have based the account may, 
however, have been influenced by suggestion, and prejudiced in 
favor of the theory involved. 

Our third conclusion was that the feelings of fatigue, such 
as they were, were not measures of mental inability. Kraepe- 
lin has emphasized this fact, but chiefly in connection with the 
claim that we can be mentally fatigued without feeling so. 
What I wish to emphasize is that we can _f/ee/ mentally fatigued 
without being so, that the feelings described above serve as a 
sign to us to stop working long before our actual ability to work 
has suffered any important decrease which an experimenting 
psychologist could measure and use as a warning to us. The 
greater number of the ‘ after work ’ tests described in this paper 
were undergone when the subject would, it left to himself, 
never have engaged in mental work. He did them often jus? 
because he felt incapable of mental work. i have myself when 
teeling thoroughly tired summoned up courage enough to start 
the repugnant work of multiplying and found that I did it just 
as well as ever. The young subject E. T. noted this independ- 
ently and wrote me, ‘* Mental fatigue is all a fraud. I don't 
want to do the things at night at all but I can do them just 
as well.” Children in the schools where I gave tests early 
and late in the day agreed that they were tired in the late hours 
and thought that they couldn’t work nearly as well, yet these 
same children dd do just as well in the tests given. The re- 
lation between the feeling and the fact of fatigue then is not a 
simple relation of direct dependence but a very involved rela- 

















2 ee SUES. 








$52 EDWARD THORNDIKE. 


tion or series of relations. These feelings may be in part 
warnings, preventatives of overwork, provided as a beneficent 
mental adaptation. They may be in part mere useless by- 
products of our thinking to which mental hygiene need pay 
no attention. They may even be in part mere accidents of 
thinking which habitual disregard may abolish. To find out 
just which of them belong in these or other categories would 
be a worthy task, for the wise expenditure of one’s mental 
eftort depends largely on the way one interprets these symp- 
toms. 

The gist of this whole article, then, is the claim that certaii 
current ideas about the fact and the feeling of mental fatigue, 
and the relation between them, are naive abstractions based on 
a simple-minded analogy, a failure to carefully analyze certai! 
mental states, and a confusion in the case of experimental in- 


vestigations between lack of deszre and lack of adzlety to work. 


























A TYPE OF PENDULUM CHRONOSCOPE AND 
ATTENTION APPARATUS. 


BY PROFESSOR JOHN A. BERGSTROM. 


Of the pendulum chronoscopes which have been constructed 
tor psychological purposes successively by Professors Sanford,' 
Fitz,” Scripture * and Seashore,‘ the one here described was more 
especially suggested by the Fitz-Scripture type. Like this it 
secures the registration of the intervals by the mechanism of a 
heavy pendulum carrying a light index, which may be clamped 
at any point of a scale graduated into hundredths to thousandths 
of a second. 

Aside from the circular mercury cup attachment and a few 
details of construction, it differs from it chiefly in the mode of 
carrying and clamping the index. The mechanism of this part 
is exhibited in cross section in figure I, and in a front view in 
figure II. The same parts in the two figures are referred to by 
the same letters. 

The steel axis YY"? 
tors K' and A’, which have an angle of about 30°, in line and 
with knife edges coincident with the longitudinal center of the 
These knife edges rest in shallow V-shaped grooves of 


‘is cut so as to leave the solid sec- 


axis. 
hardened steel he vertical s ‘tts V', V*, and the parts are 
hardened steel on the vertical supports ; , and the parts are 
so proportioned as to allow the pendulum to swing through the 
necessary arc without jolting. The axis, which rotates as it 
would on any other centered bearings, is cut down to a smaller 
diameter in the forward projecting section A”! and carries there 

'E. C. Sanford, A New Pendulum Chronograph, Am. /Journal of Psychol- 
ry, Vol. V., No. 3, April, 1892. Also, The Vernier Chronoscope, Vol. IX., Jan., 
1898. 

?G. W. Fitz, A Location Reaction Apparatus. PsyCHOLOGICAL REVIEW, 
1595. 
‘E. W. Scripture, Studies from Yale Psychological Laboratory, Vol. III., 
1595. 
*C. E. Seashore, Spark Chronoscope, University of Iowa Studies in Psychol- 


gy, Vol. II., 1899. 
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the essential parts of the recording mechanism. This consisis 


armature AA, which may slide forward and 


of the circular 
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backward or rotate freely on the axis .Y' and has the index 


attached to its circumference. The spiral spring .S/ holds 
against the tripod /, which serves to adjust it to the proper dis- 
tance from the electromagnet JZ and to provide the frictio 
necessary to carry the index along with the pendulum as 
swings. 

If a current of sufficient strength is sent through J/, th 
circular armature A is at once attracted aad moves from t! 
friction tripod / to the magnet, by which it is held immovabl 
as long as may be desired—the pendulum, in the meantime, 
till it is caught on its retur! 


a The 


swinging on with little resistance 
by one of the lower teeth of the release armature £. 
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backward pressure exerted by the spring SP on the axis when 
the armature AA is thus clamped is checked by the brace B. 
The lever Z serves to move the pendulum up to its starting 


joint, while the index is set back to zero by moving it against 


the projecting pin Z. 

The time of a process is measured by sending one current 
through the release magnet /?J/ at its beginning; and another 
through the index magnet J/ at its end. Both the release of 
the pendulum and the clamping of the index armature are thus 
brought about by the closing of the circuits; and the currents 


may always be kept in the same direction, so that there is no 


danger of any error from residual magnetism. 

This, of course, does not necessitate the use of make-cir- 
cuit keys in experimentation, but break-circuit keys may be em- 
ployed as well, if they are used as shunts in the circuits of the 
magnets. The latter method should, in fact, be adopted in all 
work requiring a high degree of accuracy on account of the 
somewhat variable lengthening of the time, due to make-circuit 
keys. Break-circuit keys, however, while less objectionable, 
ire not wholly so, as variations may be introduced by different 
tensions of the spring acting on the lever, and the rate and 
torce of the movement of the arm. 

In constructing the scales, use was made of the well-known 
spark method for registering intervals. A fine wire was run 
down the index so as to leave a point projecting at its end to 
within a millimeter or less of the metal plate on which the scale 
is fastened. The front surface of the metai plate was then 
covered with smoked paper moistened so as to adhere closely, 
ind the sparks from an induction coil interrupted by a hundred- 
vibration tuning fork with a mercury contact were allowed to 
run over it as the pendulum swung from one end to the other. 

Since the pendulum might start at any point between two 
sparks, successive spark tracings would not coincide, and the 
number of sparks up to any point on the scale would not, ex- 
cept by chance, represent the absolute time. Moreover, it would 
not be possible to construct the scales for the return swing, of 
which use is made in this instrument, on account of the confu- 
sion of records. To obviate the trouble and secure the ad- 
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vantage of successive coincident tracings, five or six of which 
were imprinted on the copies for the scales made here, the 
starting of the pendulum was made dependent upon the dipping 
into the mercury of the same vibrating point of the tuning fork 
that broke the circuit of the induction coil for the sparks. By 
reducing the depth of the dip into the mercury the time between 
the making of the circuit which releases the pendulum and the 
breaking of the circuit which gives the spark may convenient]; 
be made about two thousandths of a second, an interval for 
which compensation can easily be made by the mechanism ot 
releasing the pendulum and clamping the index so that the in 
strument will register the absolute time. 

When the forward scale has become well fixed by half a dozen 
tracings and has besides been marked, the return scale can be 


constructed without confusion. 


ating 


Relative variations in the strength of the currents ope 
the two magnets produce variations in the records. The in- 


strument must therefore be adjusted for a certain ratio, and th 
most convenient is, perhaps, that of equality. If the currents 
are equal, considerable differences in the absolute strength, as 
from one-half to one and one-half ampéres, do not seem to affect 
the record appreciably, though a current of one ampére is 
usually employed. 

The chronoscope has four scales numbered from one to fou 
and corresponding with times of vibration of about one, one and 
one-half, two and three seconds. The different times of vibratio1 
are produced by placing the counterpoise FP’ at points I, 2, 3 
and 4 on the rod #’. For the usual experiments upon the 
duration of mental process, scales 1 and 2 or 4 have been found 
most serviceable. With 4 the forward scale is usually sufficient 
for the longer reactions, but the return scale of number 2 by 
giving greater distances for the intervals can be read with 
greater precision and may be used for the same purpose, and 
there is less difficulty in securing the proper adjustment ot 
counterpoise. The counterpoise is eccentric with respect to A’ 
so as to make it possible to give the pendulum the proper bal- 
ance in each case; and upon this and the proper leveling 01 


the base depends the securing of the absolute time. 
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For regulating and learning how to manipulate the instru- 
ment use was made of a falling ball apparatus, like one de- 
scribed several years ago by Professor Jastrow.’ In this, an 
iron ball about three-fourths of an inch in diameter is held sus- 
pended by ashort, straight electro-magnet. Onthe interruption 
of the current the ball falls and is made to strike a break-circuit 


key, which may be placed at different distances below the mag- 


net. This break-circuit key serves as a shunt in the circuit of 
the index magnet, so that opening it leads to the clamping of the 
index. The time required by the ball to fall to the key is then 
compared with the readings of the chronoscope. To make the 
release of the ball and the starting of the pendulum simulta- 
neous presents considerable difficulty, aside from that due to 
the inertia of the magnet; and two kinds of keys were used for 
the purpose, one like that constructed by Professor Jastrow with 
double levers, in which the striking of the first upon the second 
makes one current, while the lifting of the second from the im- 
pact of the first breaks another, and a second in which two cur- 
rents were broken by the lifting of the same long lever from 
two insulated points of contact. The second approximates most 
closely to simultaneity, as the intervals recorded are about .oo1* 
longer when the first is used, and the mechanism is such that the 
circuit for the release of the pendulum is made first in the double 
lever key. 

The manipulation of these keys represents one of the chief 
sources of error, as small differences could be produced by 
varying the rapidity of release. 

At points in the scale where the thousandth of a second 
was represented by about a millimeter, and the scale was so 
marked, the readings in tens of thousandths being estimated, 
the writer found that the probable errors of single records de- 
duced from groups of fifty successive records each were for 
intervals of about .200 and .300°, + .o0021 and + .00012 re- 
spectively. The difference in the probable errors is perhaps 
due to improvement in manipulation, as the two groups of records 
were taken in succession, though small errors in the estimation 
of the ten-thousandths must occur. The corresponding average 


‘Jastrow, American Journal of. Psychology, Vol. IV., p. 208. 














$99 JOHN A. BERGSTROM 


























variations are, .000168*° and .ooo11g*, and the average variatio 
of the instrument for the two series together is .000144q". 

In comparison, the average variation of the Hippchronoscop. 
tested by Professor Jastrow by the same method was .oo2°, , 
nearly fourteen times as great; and Professor Sanford gives 
.002* as the lowest average variation of the pendulum chro: 
graph. 


rn] 


The accuracy of the other instruments is not stated definitely 


ge error of the chrono- 


Professor Scripture says that the averag 


scope constructed at Yale is not more than .002*, and Pr 
fessor Seashore, that the value of the average deflection 
the striking of the spark in the spark-chronoscope amounts 
less than + .oo1° when the divisions into hundredths equa 
5 mm., and varies inversely with the lengths of these divisions 

I am indebted to a group of three students for the following 
probable errors for single records from groups of fifty record 
each for the intervals .100, .200, .300 and .400° with scale I.., 
namely, + .000I1I4, + .00016, + .00022 and + .o00I5° re- 
spectively; and for intervals .200 and .4o00 with scale II. 


» being taken hastily 


t .00013 and + .00024*, the last grouy 
the end of the period. In this case the estimate into ten-thou- 
sandths is, perhaps, less certain, because it was done by th 
deviation of the point from the center of the dividing lines o1 
the scales, while the scales were marked into only two-hur 
dredths. The correspondence with the previous records, } 
ever, is sufficiently close. 

Another feature of the instrument is represented by the ci- 
cular mercury cups CAZC, and the circular dips CD, which ar 
only attached for certain purposes and are consequently repre- 


rl} 


sented in dotted outlines. he dips CD can be moved aroun 
the axis X° so as to make or break a circuit at any point of the 
swing of the pendulum, or to make or interrupt a circuit to! 
ditferent intervals of time. For the measurement of interva! 
less than .050° they may be used to transfer the readings to th 
central part of the scale, but they come especially into pla 
when the instrument is used for the study of attention to simul- 
taneous stimulation of vision and other senses. As in Wundts 


1Wundt, Prystologische Psychologie, 4th Ed., Vol. II., p. 405 
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\pparatus, the moving index supplies one stimulus while the 
‘thers are brought about by electrical means on the closing of 
the circuit through the mercury cups. The time errors can be 
determined directly from the scales, though for extensive ex- 
periments more scales than the instrument now possesses would 
be needed. 

The use of the mercury contacts is in some respects incon- 
venient. Without constant care the accumulation of mercurous 
oxide and other materials, and to some extent the lack of con- 
stancy in the surfaces, particularly on breaking contact, will 
give rise to large variations in the records, and even with fait 
care the probable errors of the instrument are two or three times 
is great as when they are not employed. Thus for breaking 
circuit with the mercury covered with a layer of either alcohol 
wr kerosene, the probable error for a single record in a group 
f fifty was + .0006°. The addition of the alcohol or kerosene 
makes the circuit break three or four thousandths of a second 
more quickly. The contacts were cleaned at the beginning and 


Walk 


igain at the middle of the series. The probable error in the 
case of the making of the circuit was + .00039°. The surfaces 
and dips were cleaned at the beginning and four times through- 
out the series, but no alcohol or kerosene was used. The vari 
ition in the latter case is due not so much to irregularity as to 
the fact that from one cleaning of the contacts to another there 
is a progressive lengthening of the record. The average of this 
group would therefore be quite reliable as the starting point for 
the measurement of intervals, and a rather high degree of ac- 
curacy might be attained by making due allowance in other 
cases. 


The instrument was constructed about three years ago in the 


workshop of the psychological laboratory of Indiana University, 


ind has proved very convenient. It can be operated more 


quickly than it is profitable to make the usual experiments. 























| DISCUSSION AND REPORTS. 


PROFESSOR JUDD’S ILLUSION OF THE DEFLECTED 
THREADS. 


In the number of this Review for May, 1898, Professor Jud 
described a novel optical illusion, the peculiarities of which he regard 
as confirmatory of a particular doctrine of space perception. So fai 
as I know, Professor Judd’s proposed explanation of the matter 
thus far stood unchallenged, for the reason, perhaps, that readers 
space literature are more and more well disposed towards the gener 
position that his conclusions represent. The essentials of the illusio 
and its explanation may be briefly recalled. Two threads, lying 


different horizontal planes, are stretched across a box in such a wa 








4 
that their intersection forms an acute angle. The line of sight of th 
i observer should form an acute angle with the planes of the threads 
3 Under these circumstances there are obviously two points of intersec- 
‘ tion of the threads, one for each eye. Alternately closing either ey 
will reveal the location of these two monocular points. It is in t 
region between them that the following illusion occurs. With | 
eyes open, choose a fixation-point midway between the two threads 
in about the middle of the region just mentioned. If this point 
fixation be properly chosen, two illusory threads will suddenly appea 
lying at the right and left respectively in vertical planes and 
joining the two actual threads. Their slopes are not identical. On¢ 
is nearly perpendicular, the other inclines strongly down and away 
If viewed from the side they would appear in the form of a some- 
what distorted X. The explanation offered is this: Each eye alon 
sees a pair of intersecting threads without being able to perceive any 
difference of depth between them. For a single eye the threads ap- 
pear to lie in one plane and cross at a point peculiar to that eye. 
Binocularly, however, there are differences of depths perceivab! 
With both eyes open, therefore, there are tv7o monocular points 
the binocular field. Accordingly vision is under the necessity 
somehow adjusting itself satisfactorily to both sorts of demands, the 
monocular as well as the binocular. The result is the two illusory 
threads running through the third dimension and connecting the mon- 
+90 
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ir crossing points. The theoretical deductions are wholly along 
line of emphasizing the importance of é¢xocu/ar factors in all 
ual perceptions of depth. Impressions that are strictly monocular 
ave no definite meaning in terms of distance, whether relative or ab- 
solute. 

Now while I am in most hearty accord with the general position 
towards space perception that Professor Judd has expressed both here 
ind in other papers, I cannot see my way clear to accept the connec- 
tion that he makes between this particular illusion and his theoretical 
omments. For I have recently become convinced that the experi- 
mental analysis of the illusion was, if I understand it, deficient in 

ral critical points. And, unless I am greatly deceived, a much 

ore simple and straightforward explanation than the one originally 
siven must be accepted. 

In the first place, inclination of the line of sight to the planes of 
the threads is not at all necessary. In fact the definiteness of the illu- 

is perhaps greatest when the line of sight is perpendicular. And, 
4at is vastly more important, ¢here ¢s absolutely no necessity thai 
‘he monocular crossing points be in the field of view at all. Two 
strips of black cardboard may be so placed upon the edges of the box 

which the threads are stretched that the two eyes may clearly see 
the region between the two monocular crossing points while these 
points themselves are screened from view. The illusion is now only 
the more vivid. Yet under these circumstances there can be no 
thought of a necessary adjustment to two sets of relatively conflicting 

ctors. The cause of the illusion must be sought elsewhere. I find 
this cause to lie solely in the particular fusions of images which take 
place when the point midway between the threads is fixated. What 
} 


ippens may perhaps be most clearly described by noting what 


changes take place in the binocular images as the point of fixation is 
raised from a position ée/ow both threads. The following figures rep- 
resent these successive changes. Let the threads be stretched so that 
the upper one runs from left to right, the lower from right to left. 
Let a and 4 designate the images of the two threads received by the 
ght eye, c and d those received by the left eye. Whether the image 
mes from the upper or the lower thread will be indicated by the 
‘etters « and 7 respectively. Finally let A and Z be the inclusive o1 
single designations for what is seen by right and left eye respectively. 
Fig. 1 presents the case where the point of fixation is below the 
evel of both threads. There is no fusion of double images. The 


urs @6 and cd are upon disparate points, and of course four sepa- 
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rate impressions are received, the double-images being of the ‘ crossed’ 
variety. In Fig. 2 the fixation-point is on the lower thread. Th 


images 6 and c have united. Crossed double-images of the upper 


thread remain. In Fig. 3 the fixation-point is raised to the upper 


“ @ 
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FIG. 1. Fixation-point on FIG. 2. Fixation-point on 
bottom of box. 





lower thread 


line, whereupon a and d fuse. Uncrossed double-images of the lowe: 
g 

line remain. In Fig. 4 is depicted the state of things when the fixa 

tion-point is de¢ween the threads.’ a and d have not 

enough to fuse, as in Fig. 2, while at the same time 4 and c no longe 

— &* J 
fall upon corresponding points, as in Fig. 2. The entire process due 
> I > I 

to the successive fixations is, of course, to be pictured first as an ap 
] 

proach, then as an over-lapping, and finally as a crossing over of the tw: 


monocular fields. Now Fig. 4 gives the stage of most perfect ove 


come neal 


f p & a a 
1g \ j 
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oy! 
Fic. 3. Fixation-point on FIG. 4. Fixation-point between 
upper thread. lower and upper thread. 


lapping. Each image of one eye falls obliquely upon an image of the 
other. Consequently the images must fuse at and about the points 
intersection, for the simple reason that the latter represent correspond- 

1A movable fixation-point within this region may be conveniently secured 
by introducing a wire, or something similar, through an opening in the side 
of the box. 
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ng retinal points. And just in this state of partial fusion of two lin- 
ear images,—such fusion that crossed double-images remain on one side 

l ent f : ; rhile } “TOS val ] ble-image re aj ’ he 
of the point of fusion while uncrossed double-images remain on the 
opposite side,—just in this state lie the indispensable conditions for the 
perception of lines running obliquely towards or away from the eyes. 
Any straight line (e. g., a piece of wire viewed against a uniform 
background) will, when held so as to slope obliquely towards the eye, 
present the right hand cross of Fig. 4. A line sloping away from the 
eye will appear as the left hand cross of the same figure. The double- 
images existing on both sides of the fused point of fixation are often 


i 


hard to see, but they are none the less there. Running the point of 
sight along the perceived lirection of either illusory line brings about 
their progressive fusion, exactly as when the eyes pass along an objec- 
tive line of a similar slope. And herein, of course, lies the ground 
for any and all perceived linear dérections. For any such perceived 
direction means neither more nor less than that the point of sight must 
1ecessarily take this course in order to bring the various binocular im- 
pressions of the line upon corresponding points. If this view of the 

atter is the correct one, nothing but the universal laws of tri-dimen- 
ional vision are here in operation. Vision is not adjusting itself to 
novel conditions supplied by the experiment. It is simply behaving 


as it always does in constantly recurring experiences of everyday 


Several further facts are to my mind entirely confirmatory of the 
position above taken. It will be remembered that, when two rows of 
retinal elements are in comf/efe fusion, the resulting perception is that 

f a line perpendicular to the line of sight. The necessity for such 
perception under these conditions was, as the reader will recall, the 
explanatory basis of the interesting illusion described by Mrs. Frank- 

nin Vol. I. of the American Journal of Psychology. In fact the 
illusion here in question is at bottom only a complication of that. 
Both involve identical principles. But to return. By properly ad- 
justing the line of sight to the planes of the threads, one of the illusory 
threads may be made to lie perpendicular to the line of sight. As 
things were arranged in my own experiments, this phantom thread 
could be made to appear at the r7ght. Meanwhile the phantom thread 
it the Zef¢ assumed a marked slope. And at the same time this latter 
thread possessed neither the solid color nor the spatial stability of the 
former. While the former remained steadily there, the latter tended 
to break up into its components and vanish. The double images of the 


latter were too obtrusive, though a proper movement of the point of 
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1 


fixation could successively unite them and keep the line 


the line of sight perpendicular to the planes of the threads—the posi. 
tion recommended ibove -the slopes ot the llusory threads ire ti 
same, though in different directions. And in this case both threa 


1 , id 
ail ¢ images on both sides 


are seen DY caureiu PAUZINE l po 


the region of fusion [In fact one is reminded of the appearance of 
. - } ° SOUR ‘ t ‘ > ’ 2 ] 
lines in the stereoscopic view of a truncated pyramid. The do 


images are essentiaiiy the same 





A still further observation adds a strong bit of positive eviden 
An entirely new f may be given the tulusion by supplying 
4 i ClMiuiiciy dic Alii Uli C 4 I Lilt ALlLasiVOi \ Mp ps li 
objective condition. Stretch a third thread along the bottom of 

| 1 7 ’ 1 

box and parallel w s sides Let idway, laterally, betw 
the monocular cross points of the yinal threads. We hav 
three threads at different levels Fixate the middle one at the p 


+] > ae . , ee + ¢ ‘ ~_ , ‘ . * +1) + 
the impressions from the upper and lower will unite 


form the perception of two phantom threads, similar to those 
which we are already acquainted, but nver and with a greate 
tance between them Here, as in tl vina se, the vari 
nocular crossing points may be entirely screened from view 

In view of these various considerations | cannot refrain tron 
conclusion that Professor Judd’s illusion presents no new visual p 
ciple. To say that it is due to the neces sity of satisfying demands 


posed by the presence of monoculat factors in a binocular field 
hardly more than to give a general statement of the conditions unde 
which the illusion is to be seen. It is certainly not a true exf/a 
that is thus offered. But however that may be, I am convince 
we have before us in this illusion only a particularly interesting cas 
of what is eternally happening whenever we open our eyes to see. 


A. H. PIeErc! 


AMHERST COLLEGE 


VOLITION AS A SCIENTIFIC DATUM. 


The writer would willingly be in error in his apprehens! 
certain tendency apparent in recent discussions in psychology, 
if real, is unwholesome in its effects ups 


science. In many directions, the effort of listening with obedienc 


VV 


1 the development 


the behest of the age that all knowledge and all doing shall 


+ 


to be ‘epeated in as Many renewed forms. As p>) 


r 
s 
J 


‘scientinc, see 
1 Read before the American Psychological Association, New Haven, D 


ber, I 599. 
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chologists we have been defining our composite results for many a day 
as the science of mental phenomena, just as though these phenomena 
could not be considered from any other point of view, or with the aid 
of any other method than that which psychology uses. But our scien 


ic colleagues have been insisting that this staple characterization can 


tific 
continue only through courtesy on their part. Some of us seem to 
have been struggling to make their politeness good by accepting the 
implied criticism of what they deem the unscientific character of psy- 
chology. The positive changes due to an acceptance of this hint con 
stitute the apparent tendency in certain quarters to whip the science 
of mind into a definite shape, thus catering to the respect of the critical 
colleagues, with the hope of making an exposition of the science sea- 
sonable to the current progress of science in general. 

The potency and scope of this tendency, described in some such 
general manner, are shown in the reconstruction of the whole subject- 
matter which is thereby necessarily involved, and actually carried out 
in some familiar instances. The postulates of explanation and the 
principles testing the truths arrived at, the intimate nature of the par- 
ticular method, or methods (if a plurality can be clearly thought of in 
this connection), the actual factors regarded as the starting-points foi 
explanation in each typical experience, the specific resorts devised in 
exposing the processes which effect the results known in terms of com- 
posite events in consciousness, are some of the particulars upon which 
he tendency expends itself. In other words, the truths of the science 
of psychology are forced into a re-making. The elements of conscious 
experience are to be reduced to those of one kind or quality only. The 


laws descriptive of the combinations of elements into the total product 


of any developing process are to be reduced in number and formulated 
solely with the terms of the fewer elements. Such simplification in 
the equipment of the science is supposed to render its ascertainments 
more truthful than are those which fill the psychology which is to be 
superseded. 

It is the aim of this paper to take up briefly one of the points 
which is profoundly affected by this tendency and the consequences 
which appear in its train. It is a discussion of volition as a datum fo1 
the psychologist, in so far as he is interested primarily in the processes 
and functions of consciousness, that is proposed. Specifically stated, 
it may stand thus: Is the psychologist required to recognize volitional 
ippearances in consciousness as constituting an independent aspect 
thereof; or, can he be justified in resolving volition wholly into certain 


forms or elements of consciousness which do not primarily possess the 
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Ap . — ° - . . — 
iy marks of volition even in the form in which he would thus essentia!]y 
MH admit it.' 


In one respect the phenomena of volition present psychology with 


one, particular, partially isolated, and rather definitely statable problem. 
It may be found in a number of expressions. What are those descrip- 
tions which enable one to pick out volitions from sensations in con- 
sciousness? Does a characteristic term, or do varying terms, sum up 
its psychical nature? How and when does volition arise? Into what 


mechanical or organic relations with other alleged psychological data 





can volition enter? Can volition be regarded numerically, ¢. e. 
counted in terms of time-rate, or measured in quantity? To what 
extent and in what manner is volition to be related to cerebral proc- 


esses in the two-fold time relation of before and after conscious changes? 





Is volition to be viewed as a problem for psychology only, or can it 





be made plain through some other form of approach? However 
many might be the detailed propositions that set forth the problem of 
| volition, it must be put upon a par with the specific problem of sensa- 


tion or of movement, and must be solved—in so far as the psychologist 


i solves anything by his manner of relating conceptions of elements and 

i processes—with the aid of conceptions appropriate to itself rather than 

| to other forms of consciousness. 

5 On the other hand, volition and its cognate phenomena can be 

: looked upon as constituting the very question of psychology itself. 
Here is where the tendency under consideration makes its greatest in- 
fluence felt. For example, the most interesting book of the year just 
ended makes psychology get along very well as it is argued, without 
volition and its derivative phenomena. Through this sweeping nega- 
tion of certain data, psychology is cast into a form different from that 
which has prevailed hitherto. Does the ability of psychology to con- 
tinue to exist as a ‘science’ depend upon its attitude towards facts ot 
a volitional quality? This relation has, indeed, been urged over and 
over again, in one way and another, in most of the great treatises 
which have appeared during the last decade. 

It must not be overlooked that many writers who support the ten- 
dency under consideration do so while apparently recognizing the 
validity of volitional phenomena. This double attitude expresses 

'The issue can be best brought tothe surface by means of the alternativ: 
This need not prejudice one in favor of the ‘ either—or,’ or of the ‘ neither—no! 
To psychologize is not to deal in mere logicai oppositions; the historic strugg|e 
lying behind the present achievements of science have been too great for us to 
allow ourselves, with any sort of family respect, to relapse into such limitatio! 

of childish thought. 
\ 
{ 
* 
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itself thus: volitional processes may be spoken of, but always with 


the insistence that their supposed primary marks are, in reality, only 
those of a ‘developed and secondary’ phenomenon in consciousness. 
Indeed, at a much earlier time, the practical outcome of associationism 
foreshadowed the current tendency in its reduction of volition to a 
nere aggregation of ‘*ideas of muscular motion with the ideas of 
those pleasures which the motion produces.” And the tendency at 
present is well expressed in its determination to keep volition securely 


within the region of ‘secondary phenomena—and thus rejyectable 


analyzing it into elements which do not possess, in separation, 


those qualities which volition is conceded to bear. The elements 
=. are WIMmnN » ] 1] hea ] La 1 . 
reduced to one kind are supposed to do all the work for the stude: 


way of making full and satisfactory explanations. 

This brings us face to face with one of the chief demands made 
by the tendency in its notion of what scientific attitudes are in psychol- 
gy. Can one be justified in lendin 


7 his efforts to the Support ol this 


tendency to eliminate all data which are regarded by some as not 


readily conforming to the modalities of scientific explanation? Inas- 
much as the dominant term in our theme is ‘ scientific,’ let us pause a 
1oment to get a proper conception of what science involves. When 
e regards the trained student at work with his object, the activity 
exhibited may be considered in its four phases of aim, material, 
aethod, and result. There can surely be no question as to the rela- 
tive intentness of the student. He has come into relation with his 
ject through a process of selective discrimination. Itisa forced and 
condary relation, entered into with the aim of getting some sort of 
knowledge, which shall at least differ from the casual information 


incidental to the mere passing daily experience of him who is not such 


1 


student. To beascientist isto maintain an assumed attitude towards 


‘content studied. 


Our imaginary student is all the while engaged with 


some * ob- 
ject. It need not necessarily be a center of detachable references ob- 


jectively regarded. What the object may be must be determined by 

e student, rather than by ourselves as observers of him. In so far as 
the description of his object is not in conformity with those given by 
his associates elsewhere, he can be called to account for his digression. 
[he material in any issue cannot be a fabrication of the moment. It 


‘ 
is compelled to carry the credentials which can be given by experience 
alone. Just as soon as the center of scientific activity is shown to be 
beyond the limits of a given region, other students with like aims 


are treed from all demands made by him. WNaturalness, recurrency, 
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i sequence, and openness to experience, these, at least, are the primary 
1 characteristics of the material involved. Indeed, the whole of ow 
present thought is concerned with this particular phase of the tendency 
which would limit the possible number of objects to which the psy- 

i chologist can legitimately turn his attention. 
l The object of inquiry is not merely possessed for the time being 
i by him who studies it, but its possession must have been gained 

| definite manner. Facts lying around loosely, guessed at or gathered 


by every means, cannot be turned over into the precincts of science. 
{ instant appropriation of that which is given in ordinary observation, 
and the acceptance of such material as comes in due course of advanc¢ 
to objects that are remote, are scientifically approvable when con- 


trolled by the aims already mentioned. Mere method of approa 


Oo RA GIB AASS. Ps MI aI = 


ind mere method of inquiry, however, cannot alone constitute the on 
attitude in question. Here the material has a peculiar dominanc\ 
{ which the most artful student is ever forced to recognize. Facts 
; 4 one order cannot be converted into facts of another order for the p 
| pose of simplifying methods. 


Again, the student fulfills his mission only when giving something 


as a result of his exceptional activity. Here the circle, so to speak, 


completes itself as his pronouncements show forth the original aims 








: 
The real outcome of science, and so far forth the function of science, 
} | is the formation of just those judgments about specific ‘ objects’ 
' which you and I and the unborn thinker in his day may share alike, 
in terms of appreciation or of revision. In a large measure, the mark 
of validity of such judgments consists in their sharability. To put 
in another way, the result of science primarily is the ability of t 
student ‘to say things’ which he has never said before, and w 
thers may say after him. In this wise, the science of psychologs 
finds its business to consist in getting valid concepts and judgments 
the basis of those facts which are contained within its sphere. 
If the changes in the science, consequent upon the tendency ‘\ 
y are considering, are made in sole deference to the achievement ot 1 
i well-established physical and chemical endeavors of man, then t 
tendency mistakes formal appearances in results for real values in fact. 
4 Mere imitation never discovered an element ner devised the form 
tion of a law. If, on the contrary, the apparent departures in ps 
chology pronounce themselves progressive because true science must 
expound itself after one fashion only, and that the fashion of some 
é or two definite sciences, then all efforts made for this purpose ar 
: 4 duped into the acceptance of an epistemological ground-work that has 
a 
7) 4, 
\y 
HB 
* 





DISCUSSION AND REPORTS 199 





l 


ippropriateness with reference to the facts that are to be known or 
“ro 

ide the point of departure in every scientific development. Mere 
] 


‘dalitv in the thought-world should fill the attention of the rhetor- 


ian only. 
Let us turn to get a correspondingly brief glimpse at the second 


tant item in our heading. What is it fora thing to be a datum 


science? What are its marks? How many different kinds of data 


Siu 


the student justified in discriminating when he proceeds to the selec- 


yn of those in one group, rather than those in another group? There 
more danger to science of every order in the force 1 recoenitions de- 
nded at this point than through any other disposition one can as- 
me. unless it be that which breeds shallowness. The general ten- 
ney forcing those recognitions grows, to a large extent, out of 


node of thinking which conceives all attempts at science as under 


necessity of reducing results to the ‘ lowest terms’ common to all 


iences al 45 


like. The very suggestion of our theme is explicit with ref- 
ence to the dependence of a science upon the character of the ma- 

ial which must be admitted into it. To say that psychology pre- 
sents one with the merely subjective side of that which is objectively 
ven to physics, chemistry or neurology, 1s a mistaken conception of 
eir interrelation. It is a position which fails to offer any suggestion 
newer methods of inquiry, and ime renders obscure a 
ssible insight into the higher unities which manifest themselves in 


$ + srt ——— ee ee E] sae fas : 
conscious aeveiopmenets. iow tar, ml 


ourse of u oht it be dubiously 
ignited _ eee ye i ee Be ened Tue 1 
lestioned, Would a pnysicist ve with his problems should he sud- 
pin 
- nly propose to push his solutions thereof into the forms of psycho- 
ical explanation? [That the medley he would thus produce could 


t be accepted by either the phvsicist or by the psychologist, one 


- Bi — ° . . > ] . ° > " +o » ] ] 
id well cuess. And we might even raise strong doubts as t 
‘ . Senlawe clens ee oe ee eee fe 
ether psycnoiogy Cc red cit C Miue C | IS tendency 18 
y more acceptable to the exact sciences than is_ the psychology 


hich deals with mental phenomena in its own cl aracteristic manner. 


That which forms the content of the student’s labor has been 


ed his * object,’ in the most general sense of that term. But, what 
ks must the object possess in order to be admitted to scientific 
enizance? Over against the reply to such a query should be placed 
e one given in response to this What are the literal characteris- 


t any datum whatsoeve! In either instance, it is needful to 
ognize the intimate relation »btaining between the facts of exper- 


ence, as such, and those facts which can serve, in any explanatory 


17 


nanner, the aims of the scientific investigator. The first delimitation 


~ 
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1 
} 


of any science consists in the specification of the qualities whic] 


full value in any description or explanation. Can the object be 
‘thing,’ spatially or objectively regarded? Must the phychologist 


‘object’ be described as a mere ‘aspect’ of that which is actual t 


attitude maintained in physics? Can volition, which is not a spati 
‘thing’ nor a physical * aspect,’ be a datum inthe most elementary 


simple sense of the word? 


= 
9 Dal 


After so much epistemology, which seemed unavoidable 


because the support of the tendency in question is drawn from j 
such considerations, let us turn to the problem of volition already 


dicated, and consider the points of regard from which volition may 
looked upon as constituting lawful material for the psychologist 
volition, one should understand reference to the active or passive 


pects of consciousness, in one way or another. Volition technical 


regarded as a developed complex in experience, rationally expressed, 


or as the collocation of conscious contents into a definite adjustment 


at any given moment, or as the psychical correlate of the 
process known as movement, is apart, to a limited extent, 
meaning carried along in this discussion. However, we 
search for volition in any ‘ content’ as 

consciousness. This caution 

ing Psy chology to be limited to the treatn 

sentation. Relations are valid 

these are to be found in processes which are natural, recurrent 
exhibit sequences. 

The data of psychology are the facts in and the facts 
sciousness—in so far as the latter may throw any light up 

ner—the constant unit of inquiry always being the total state of mind 
at the given moment. The facts, when specified in the sequence o! 
conscious content, must be treated in their relations to each other, 
rather than in their relations to brain-processes, or to the objects 
garded as stimuli. In general psychology the concrete data do not 
recur in the time series, since they include the sequences of histor 
regarded totally. Hence the extreme difficulty of establishing psy 
chological laws of historical and social phenomena. 

It is only in the analysis of individual consciousness that one « 
find recurring phases of experience, as they are given, for example, 11 
the life of a plant,—albeit, a mental state when passed is gone forever. 
The phases are discovered in comparing a given state of consciousness 


with an earlier or a later state. To secure any sort of a support fo! 
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ial of this labor as a legitimate task for the science of psychology, 


must needs go outside the boundaries of that science itself, 
dangerous proceeding in view of the logical precedence established 
thereby. In such a manner volition is found to be constantly recur- 
rent in consciousness. A multitude of successive experiences is reé 
iuired before the subject exhausts all f 


possible forms of sensation, 
novement or feeling. In any instance of the latter, the immediate 

yitent of consciousness is not the form of consciousness in general, bu 
the particular modification as sensation, movement or feeling. Th 
litional reference in any one of these given cases tends to bear at 


dentity with a previous reference, though limited to the narrowest 
nge of qualitative variation. 


This definiteness of the volitional process is greatly in its fav 


wards accepting it as a datum for psychological purposes. Eac 


‘tior 


n is specific and definite, giving a marked setting to the content 


f the mental state,—in fact making the state of mind to be what we 
ctually find it to be when described in relation to its object. ‘his 

ture of volition is not to be identified or confused with the precisio1 

cterizing the sensational content of blue, or the ideational content 
image of the moon or of C-natural; but it is none the less per- 
tothe analysis of the process, and in so far forces an enlargement 
the conception of the content of the science as to admit it « 


\? 
it hi 


srounds with other data. 


There is also a certain universality to volition in mental life which 
ititles it to a more generous recognition than the tendency is inclined 
All forms of mind action give evidence of this process pre- 
i: sateen Malindi Seis Mite cailliceanlias iil Reinet lt gr? vs 

c may inciude in its references ali types ¢ yn, 1deas, 
t! all significant movements, and the more important turns 
which particular feelings may assume. 


of volition 
unite with the entire variety of content shows strong evidences that 
ition is as primitive a factor in conscious experience as are those 
typical receptive modes of consciousness which are traceable to defi- 
ite stimulations of peripheral origin. Volition 


process (excepting the mode of 


++ 


is not a ‘ receptive’ 
attention, which is generically allied te 
but it is to be considered as more definitely connected with the 
transforming (intellective) and expressional processes of conscious- 
ness. That it is not a static content, one can readily agree, without 
impairing the originality of its character when contrasted with the 
composition of such content. 

Action is regarded as a proper topic for a scientific psychology. 
The tendency in question obscures 


that aspect of volition as a process 
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in consciousness which is revealed in our inability to understand any 


one of the physical movements the organism may execute, without 











first knowing something about active consciousness. If a movement 


is to have ‘ meaning,’ then it stands as the ‘expression’ of an idea. 
















Even in cases of purely peripherally stimulated movements, they are 








described and explained as ‘ non-voluntary.’ The concept of voli- 






tion is necessary, by implication, to characterize such movements. 






Furthermore, any study of movement as a sequence of definite changes 






in spatial relations, cannot be fully carried out without implying refer- 





ence to what the movement accomplishes, either in the objective or i: 





the subjective events. Each movement thus has a real and particula: 






‘function.’ It does something, while involving complex structures 





This aspect is deeply implicated in the barest conception of the reflex- 





arc. Reflex movements are those which occur with special referenc 
to a definitely applied stimulus. The movement’s function, however: 
he oun- 






is not to be identified with or paralleled by the function of t 






glionic centers or of the special sensory-motor tracts which may, pe 







chance, be concerned in maintaining the given reflex. The current 


p 





tendency is too prone to accept movement itself as the primary 


chological datum for throwing light upon the nature of volition as a 






datum secondary thereto. Movement is but a physical phenomen 






and as a mere succession of changes leaves the problem of volitiona 






analysis as dark as ever. The weakness of the position is furthe: 





shown by the suggestion that the psychologist is more at home, s 
speak, both in matters of fact and of theory, when knowing something 


Th 







first about the volitional structure of any given state of mind. 






interpretation can be strongly insisted upon in spite of the ordinary 





procedure of beginning a psychological inquiry of volition w 






vel S 


study of movement. The prime condition of psychological study 





not to be found in the presentation of mere movements to one’s senses 






There is a certain bit of instructive analogy along this line, even 





if it is not conclusive. What a movement may be as mere movement 





is determined by the structure of the organ or organs involved 







bringing the movement about, the varying sizes of the muscular fibers. 


the tendon and joint attachment, etc. These items of structure do! 





give the slightest clue as to any possible movement the total orga! 






might perform. That is revealed only upon a basis of perceiving t 
whet 






movement in its actual performance. The movement, as such, 







occurring, is functional, not structural, and must be considered as the 


coérdination of multiple ‘ static factors’ into the one complex whic 





the movement itself is. The movement is absolutely novel in the his- 
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tory of the organism, and herein lies 


its primacy. When develop 


ment in movement takes place, or even a repetition of one 
yvement or a succession of several movem 
ig themselves and get the sev- 


? 
Ti 


occurs, then the st 


ient can compare the movements among 
eral empirical facts about the movements vccurrences. The 
point to this analogy is that the tendency t 


of conscious experience from re 


sideration canno 


free itself with aid from this side 
garding volition as definite and independe its psychica 
ispect of mere movement. 

When a class of students in psychology is asked to analyze con 
usness with the purpose of getting at nal * content,’ 
1e volitional * process ’—as the case may | 
predisposed in his effort—it has been 
ly proceed ina peculiar manner. 
ims are at first well-nigh frustr: 


at the reports should be fi 
wt volition. The students rather presume 
| 


be argued out to the end in a truly syllogistic f 


mief 
LiList 


wavs in the interests of some 


hological aspects of the | 


first attempts to gain clear i 
yusness, such as sensation, feeling, etc. example, it 
‘¢*the soul i] l lead to this 


d, ‘* freedom is in danger,” ** tl 
it view,” etc. It is made out that one 


lysis solely in lig] 
1ot believe a teacher has 


remain or to prevail in the 
Uysis of anactual process, and re} 


1 } 
byray 


ology must, of course, buil 
‘mis, What shall be admitte 


nclusions, or ideas derived from f 
1en a tolerably full account 
or thought-connections, 


prompts the action actual! 


"Mm contession ot * something 
| fee] } . thu 1{ ooked 


mstituting the whole state of consciousness. 
rms of a certain plusness, so to speak; bu 
? 


Uways be considered in the composition of 
The species of particularization is horizon-fil 


Tale 


tion of details of sensations or i 
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of feelings) is carried out with any completeness. In the volition 


reference to a conscious te, there can be an enumeration in terms o{ 


one kind only, though in the positive or negative directions. This wil! 


account in some measure for the disposition of the tendency to rega 


volition as ‘secondary’ among the phenomena of consciousness 
This ‘ something more’ is given (‘ felt’ as often said); it is recurrent 
it possesses a sequence in the specific changes in consciousness 01 

the physical adjustments of the organs of the body; and the descrip- 
tions of it are appreciable at least. Although every analysis makes 


some immediate reference to the sensory, ideational, and expression 


dct 


ontent of consciousness, one is not thereby justified in concluding, 


with the current tendency, that volition is to be reduced to some o1 


f those elements, or is statable solely in terms of those processes 


Pt: 


The position that volition never arises as a ‘ pure’ form of conscio 
Another mark of the volitional process revealed by analysis 
definite and constant reference to the individual, rather than to 


thing or to the ‘ object’ as it stands represented in mind. Persons 


Lili = 


found saying ‘* It was, or is, or may be, my volition, or action.” S¢ 
sations and ideas do not primarily present this aspect, excepting thos 


which the individual attempts to bring into his consciousness. Moy 
ments, also, of a voluntary sort, come to be ‘ my,’ ‘ his,’ or ¢ its’ moy 
ments. There is no apparent disposition to escape the individual 

erence when speaking of ‘effort,’ ‘attention,’ ‘doing,’ etc. Wh 
the object, on the contrary, by the intensity and quality of its stin 
lations attacks and holds me, then I am said to be giving, and descri 
myself as giving ‘ passive attention.’ This is the object’s attention. 


] + 


/ attack and hold the object, the individual reference returns to 


foreground of the experience. Thus all attempts at an analysis of 


volitional process forces a constant consideration of the personal Ss) 


f the data in question as the more important and qualifying aspect 


Ol 


A 


The personality thus conveyed is not the person as the content of 
conception of self nor as the substance of which mind may be made 
The foregoing analysis suggests the conclusion that the positior 


which advocates volition as a mere content of consciousness, possess- 


'A complete analysis of the process would involve a careful separation ot 
the typical forms of control which experience presents, such as control of ret 
inal images, projected after-images, emotions, ideas in revery and in cle 
thinking, and of all succession of psychic compounds, as association, fusiot 


the 


rhich may fittingly be reserved for anot! 
time. It can then be more clearly shown that the analysis maintained is quit 
accordance with the possible development of experimental method 


*synopsie,’ trains of images, etc., 
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he varying qualities of sensations or of ideas, is not to be defended. 


t} 
ul 


It does maintain volition to be something actually given and ascertain- 
le in experience, which science must recognize in an appropriate 
vanner. The datum which must thus be recognized is a conscious 
relation, in which any given mental content is placed, adapting it for 


that expression which marks the completion of all psychological proc- 


esses. The primacy of volition is not the primacy of sensation nor of 
Its simplicity is not such as they may have. It may itself be 


simple or complex, depending upon the stage and degree of develop- 


feeling. 


f has attained. Complexity, 


ment which the particular state of mind 


however, is ordinarily a logical relation which is greeted and enforced 
In fine, volition is the characteristic. 


the development takes place. ine, 


pical, irreducible process into which consciousness places its definite. 


though varying content. 
The tendency to reject the volitional process as original material for 
the scientific attitude has been seen to be defective when viewed in 


ight of the epistemological considerations and of the results of anal- 
There remains a third group of suggestions which have definite 


Let us turn our atten- 


VSiS 
force against all justification of the tendency. 
tion briefly to a few principles of psychological science in so far as 

should be obedient to all facts, and as those principles should be recog- 


nized in any further treatment of the process. As soon as volition is 
admitted as a psychological datum of scientific worth, there arises the 
lemand that we shall seek to develop, as the first problem of the 
science, the inter-relations of the states of consciousness, before going 
to deal with the darker region of the relation of psychical events to 
cerebral processes. Whether we consider the mental state in its cog- 
nitive relation to its object, or as it is actually discriminable and dis- 
criminated by the individual subject of the state, the relation of state to 


tate 
SLALC 


in consciousness is by far more clear to the student than the 
second type of relations. Mere mechanical sequence does not prevail 
exclusively among mental facts, and volition appears as part explana- 
tion of this radical difference between the psychical and the physical. 
The science of psychology finds another of its special tasks to con- 
sist in an explanation of certain typical and rather uniform develop- 
Mere discovery of sensational and ideationa] 
There 


of experience, which, as a fact of 


ments in consciousness. 
elements of experience does not replace this particular problem. 
is an integration of the * elements’ 
importance and of actuality, is not transcended by the importance of 
the actuality of the ‘elements’ themselves. How shall psychology 


give a lively and vital explanation or descriptive account of this inte- 
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eration if all recognition of volition as a datum—which shall be r 
in that experience and thus explanatory, rather than in need of 
planation—is forced out? Integration may, indeed, be looked up, 


as a function, and the volitional process presents the phases 


support that function. If we look upon cognition as an ‘ object’ 
the psychologist to relate to other objects (as has been set forth fr 
quently in strongly postulated terms), then he is constrained to mak 
explicit reference to volitional processes. Sensation as mere conten: 
and movement as mere sequence do not facilitate any explanation w! 
is able fo avoid logic il al surdity. To know is to do something 
characteristic: manner. And it is barely possible that the root process 


involved*is supplied by the functional activity which volition has bee 
seen to exhibit. 

That a rejection of volition as a datum which can be appealed to 
tid in really scientific explanations, virtually destroys certain princ ples 
of psychology, may be seen in any attempt to understand will 
lesiring, wishing, conscious doing, etc. To explain these is a m 
fest duty of psychology, in so far as they are mental phenomen 
That they are complex and developed does not remove the task. T 
they are such phenomena (7. e., real) is attested by the experience v 
live, the words descriptive of these actualities which have been coine 
ind are appropriated by all our important languages, and the reigning 
classifications in?the science of mind itself. In order to giv 
explanation of will that shall be logically acceptable and patter 
after the ‘ scientific’ explanations given of ideas, or percepts, etc., or 
must make explicit reference to some simpler process which shall | 
like will in kind, but primitive in origin, and may mix with other el 
ments of consciousness 1n the formation of the will compound. 

Any consideration”*of the relation of psychology, as a science 
description and explanation, to philosophical subjects shows a decided 
weakness lurking in the attitude which insists that volition is not to | 
idmitted as a valid datum of the science. One cannot erect a perpe! 
dicular line of demarcation among the data of mental experience, an 
say that the content side belongs to psychology, while the process sid 
belongs to philosophy. If psychology has any relation to philosop 
whatsoever, then the total * sides’ of consciousness regarded scientifi- 
cally must be set off to the credit of the metaphysical and epistemolog!- 
cal considerations. To say that sensation has nothing for metaphysics 
because its content can be specified as visual, or auditory, or cognitive, 
is a defective analysis to say the least. Will and sensation are alike 


civen in the one stream of consciousness as presented under the con- 
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itions of experience. Psychology has the right to interpose an ob- 
‘ection wherever favoritism is indulged in when assigning ‘ values’ to 
the several items it may recognize. From this point of view, volition 
‘s really a datum of the world, and science and philosophy are in duty 
bound to turn their analytical attention to it. In other words, volition 
is not merely ‘a point of regard’ in each instance. 

In conclusion, it is believed to have been shown that a dangerous 
tendency is at work undermining the structure of psychology. This 
tendency does not stand the test of the logical scheme into which sci- 
entitic activity and its data should be placed. Volition, as analyzed, 
presents marks which entitle it to be placed among ‘ primitive’ proc- 
esses in consciousness. As all other forms of mental experience, it 
never stands alone, but is in constant relation from the beginning with 
il] contents and all other functions of consciousness. The hope that 
all mental facts can be reduced to a few elementary and thus explana- 
tory processes or forms, is an illusive hope, since volition cannot be 
‘explained’ by sole reference to sensation and affective aspects there- 
f. Volition is ready and able to explain in a psychological manner, 
rather than being in need of explanation itself. To eliminate volition 
is a scientific datum, would be a virtual subversion of the science of 
psychology so long as it is developed with the intent of representing 
the nature of mental activity and the course of its development in 
terms of a real and acceptable knowledge of facts. 

EDWARD FRANKLIN BUCHNER. 


New YorK UNIVERSITY. 


VISION WITH THE MOVING EYE. 


In view of Professor Dodge’s experiments, published in the present 
number of the Review, I am uncertain as to the validity of the 
hypothesis advanced by me to explain the lack of fusion in vision with 
the moving eye.’ I had planned similar experiments, but was unable 
to make them, although I held my paper for a year,’ in the hope of 
being able to do so. Having made the observation that there is no 
fusion in the vision of daily life when the eye is in constant motion, | 
attempted to explain the fact by assuming that the visual organs re- 
spond to retinal changes more rapidly when the eye moves than when 
the objects are in motion. Professor Dodge finds that there is fusion 

'This REVIEW, 7: 325-343, July, 1900. 
*It was presented to the Physical Section of the American Association for 
he Advancement of Science in August, 1899. 


+} 








508 VISTON WITH THE MOVING EYE. 


, 


when objects are exposed only when the eye is moving. It would 


follow from this that the hypothesis discussed in my paper, but ther 


rejected, must be accepted or at least considered. This is, that ther 


is clear vision only in the pauses of movement, there being no periph- 
eral perceptions while the eye 1s moving and the apparent distinct- 
ness of the field being an illusion. This hypothesis will not interfe: 
with the chief conclusion of my paper, for, as I said, ‘*1f one had 

fact only a few distinct images in the course of the movement, it wou! 
remain true that a series of successive images is seen as a space con 


tinuum.” Indeed, if it turns out to be true that we have no perce; 


tions corresponding to the retinal changes while eye is moving 


g 
but supply centrally the perception that we sh« have if the ey: 


were at rest, this would further support my argument for t! 
dependence of perceptions on utility and experience rather than on th 
nature of the physical stimuli. 

CATTELL. 





PSYCHOLOGICAL LITERATURE. 


The Psychology of Religion: An Empirical Study of the Growth 
of Religious Consctousness. FEpWin DiLLer STARBUCK. Lon- 
don, Contemporary Science Series, WALTER ScotrT. 1899. Pp. 


123; with Preface by WILLIAM JAMEs. 


Professor Starbuck’s book is in substance the reproduction of two 


papers published in the American Journal of Psychology (Vol. 


ng 
iong 


Vill. 1597). It is the most elaborate research yet publisl 


\ hed in a 
field of investigation made fertile by the use of methods which, until 
recently, had been unjustifiably reserved to other fields. The purpose 
of the book and the method employed are described in the Introduc- 
‘*Tt is a purely empirical study into the de of growth in re- 

f in individuals, and an inquiry into the causes and conditions 
which determine it. It begins with conversion, since that seems to 
show in a condensed form some of the essential features of religious 
development. Then follows 2 discussion of the line of growth fol- 
lowing conversion. Part II. is a presentation of the line of growth 
where not marked by apparently sudden changes of character. The 
material for the study consists largely of autobiographies written in 
response to a printed list of questions. The task before us is to take 
e varying records and find what are the common elements in them ; 
to get a composite picture of them; to discover what are the large 
aspects of religious evolution in masses of people, and to approach an 


insight into those laws of growth which, for the groups studied, seem 
natural and normal.” This proposed task is so gigantic that I suspect 
many psychologists and the majority of the persons interested in re- 
ligious studies to whose notice the book may have come have looked 
it over primarily to see how radically the author had failed in his fool- 
hardy undertaking. But those who have had the patience to read him 


through carefully have, no doubt, closed the book, not indeed with a 
sense that the task had been completed for good and all, but at least 
with the conviction that it had been begun in good earnest and with a 
considerable share of success.! They will, moreover, have been con- 


lTr of "7 > ° . 7 
In April, 1896, nearly a year before the first paper of Professor Starbuck, 
I published in the American Journal of Psychology (Vol. VII., pp. 309-385) an 
extensive study on conversion; it covers much of the ground traversed in the 
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body of knowledge which will find its place in psychological science 


and bear practical 


That Professor Starbuck’s book is open to almost numberless 
criticisms of detail and to a few of fundamental importance is to be 
expected when one considers the difficulties inherent in the subject 
and the too ambitious attempt made to touch upon almost every part 
of it. But, whatever legitimate criticism may be offered and howeve: 
easy it will be for academic drones and effete theologians to hold it u; 
to ridicule, a debt of profound gratitude is due the author for his pe 
severing and earnest effort in gathering and interpreting a large mass 
of information on individual religious life. It is so much more c 
fortable to let loose one’s constructive imagination and to spin out 
diverting speculations on 
labors of some one e 

By far the most valuable part of the boo 
sion ’—filling about half the volume. The second and the third parts 
—‘* Lines of Religious Growth not involving Conversion ” and ** Com- 
parison of the Lines of Growth with and without Conversion ”—off 
much less interest. We shall therefore devote our analysis chiefly 
the first part. Lack of space will prevent us from entering upon t 
discussion of the opinions and conclusions reached by the author 
it would carry us beyond the space at our disposal. A discussion o! 
several of the more important topics dealt with in this book will be 
found in the reviewer’s paper above mentioned. In closing we shall 
offer a few criticism on points of general bearing. 

Chap. II. The Sources.—The material on which the first part 
(pp. 21-183) is based consists of 192 cases of conversion, nearly all 
obtained in answer to a questionnaire too long to be reproduced here. 
They are nearly all from Protestants; the Methodists predominate. 
The term Cozxverston very elastic way: ‘* The more 
quiet and unemotional experiences were taken along with the sudden 
The only test was that the person believed that th 


and violent. 


event represented a real turning-point or the beginning of a new life 


(p. 24). 


Chap. III. The Age of Conversion.—For the making of 
The method is the one which Professor 5tal- 


first half of the book before us. 
The third and concluding part ha: 


buck has used, minus the statistical tables 
remained so far unfinished. To prevent misapprehensions, I desire to sa} 
Professor Starbuck had conceived the first idea of his research and had begun 
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vinced that there is here, in the patient gathering and careful consid- 


eration of the subjective facts of religious life, the foundation of a new 


fruit in religious education and in theology. 


asis of facts selected from the 


circulate one of his questionnaires before my paper appeared in print 
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,arts and tables of this chapter, the age of 776 converts, found in the 
Alumni record of the Drew Theological Seminary (Methodist), was 
added to the data collected by the author. The age-curves present 
ree summits which are interpreted as follows: ** We may safely lay 
} 


down as a law, then, that among the females there are two tidal 


waves of religious awakening at about 13 and 16, followed by a less 


significant period at 15; while among the males the great wave is at 
ibout 16, preceded by a wavelet at 12, and followed by a surging up 
t 18 01 .’ The conclusions are reached that ‘‘ the first two rises 
in the curves for conversion seem then, from the psychological stand- 
int, to correspond to the decline of the sensory elements in con- 
sciousness, and the birth of rational insight,” and * conversion and 
uberty tend to supplement each other in time rather than to coincide ; 
they may, nevertheless, be mutually conditioned.” Conversion, 
s the author understands it, is a distinctly adolescent phenomenon 
nd is connected with the physiological growth of that period of life. 
Chap. IV. The Motives and Forces leading to Conversion.—An 
nsignificant chapter on a most important subject ; eight pages with 
vo statistical tables showing one ‘the relative frequency of certain 
tives and force which lead to conversion,’ the other ‘a compari- 
if the revival and non-revival cases in regard to the motives and 
rces leading to conversion,’ and curves ‘showing the frequency of 
ious motives for different years.’ We reproduce the first table 
52) 


Both females 


tives and forces present at conversion Females Males 4 . 
and males 


Per cent Per cent Per cent 
Fear of death or hell..... os eae 14 
Other self-regarding motives . 
Altruistic motives . ee 
Following out a moral ideal 
Remorse, conviction for sin, etc., 
Response to teaching ia 
Example, imitation, etc., . 
Social pressure, urging, etc., 


and 2—Self-regarding motives . . ) 21 

and 4—Other-regarding and _ ideal 

tO 5—Subjective forces ...... 55 63 
m of 6 to 8—Objective forces... .... ( 37 


From this table the two following propositions are derived, rational 
onsiderations play a small part in conversion; ‘* males are controlled 


more from within, while the females are controlled more from with- 


+ 
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The three following chapters (Experiences preceding conversion: 


The mental and bodily affections immediately accompanying conver- 






sion; In what conversion consists), always in statistical form, prepare 





the way for Chap. VIII., the pivotal chapter of the first part. Here js 






one of the several tables found in these chapters; it shows ‘the rela- 






tive prominence of the various mental and bodily affections for bot 





sexes.’ 







Mental and bodily affections 












sense of sin ioe eae tase Tees a. adh ‘ , 32 33 . 
Feeling of estrangement from God 24 24 24 
Desire for better life. . Ls 18 18 18 
Depression, sadness, pensiveness 75 6a 
Restlessness, anxiety, uncertainty... ... » 45 33 
Reeipieseness, humility. . .. 2. 6 ee 6 6 ; i 9 

| 19? 





Earnestness, seriousness 
Prayer, calling on God , 





42 > 
hci 
un 
“I 









Tendency to resist conviction ..... _ 3 50 
Doubts, quéstionings.. . ..+.s+sese es 6 (15 
Loss of sleep or appetite . . . ps 6 ek 26 29 
Nervousness . i. &€ *@® 6.8 ‘ ‘ 6 5 
Weeping fe ee i a ee ee ee ee 9 ; 
Affection of sight .... ; a ta ; 5 ) 
Pemection OF GATING. 2 wt ti tee 3 7 
Affection of touch. . — ‘ ° I4 I2 






Average duration of conviction 










Here again, according to the author, we see that ** conversion is 


a 





process in which the deeper instinctive life most strongly functions 





This is no doubt true, but I am at a loss to see that these statistics 





+ 


that interpretation. Much space and figuring are devoted in th 





three chapters, and also throughout the book, to a comparison of 






sexes with each other, and of conversion as it takes place in revi 





‘ 


meetings and out of it. Here are samples of the propositions draw: 






from these comparisons: ‘* feeling plays a larger part in the religi 





life of females, while males are controlled more by intellection 





volition ;” ‘*the males when not at revival insist more upon seeing 





+ 


their way clearly toward the new life, they are more wilful in 





stress of a revival, and the revival conversion is a far more intense ex- 






perience.” 


‘¢ The sense of sin and the accompanying depression of feeling 





fundamental factors in conversion if not in religious experience 






1 


general. We must not look upon the sense of sin as simply a spiritu 






fact, but we have to look for the cause underlying the sense of sin 






yart, in certain temperamental and organic conditions.” (Pp. 67 
> i 


71.) 






As a conclusion of the preceding analysis the typical convers! 
4 i y] 
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experience is described in Chap. VI. in a few barren words, ‘* The 


typical experience has three distinct features, viz., dejection and sad- 
ness, a point of transition, and lastly, joy and peace.” At this point 
the reader should have before him a clear mental picture of the con- 
version experience, but it can hardly be so as not one whole case has 
been given him; instead isolated sentences from the respondents, now 
on ‘sin,’ now on ‘estrangement with God,’ now on ‘love for others’ 
or some other part of the experience fill the volume. It is as if in- 

| of seeing a few typical heads one was shown successively dozens 


noses, of upper lips, of under lips, of chins, etc. Whatis the mean- 


an eye seen apart from the rest of the face? The reader, unless 


intimately familiar with the experience dissected, will have the 
pression of moving in a maze of disjointed facts and much of the 
Professor Starbuck is aware of the large piace that must be ac- 

d to unconscious cerebration in the dynamics of mental life in 

| and particularly of conversion, and he has noticed that self- 

nder, self-renunciation, is very frequently an apparently neces- 
condition of it. Hence, when he comes in Chap. VII. and 

. to close quarters with the causal determination of the conver- 

n crisis, he finds it necessary to consider at some length the rdéle of 
will and of consciousness. In Chap. VIII. the problem is for- 
ted thus: ** The question is not simply how much of conversion 
illed, but how much of the process as it is being wrought out 
ises into consciousness; and on the other hand, is there evidence that 
the process is worked out automatically by the nervous sys- 
Arguments and facts have already been given to show that 

of the phenomena preceding conversion are instinctive. It 

uld not be thought that when at the decisive moment of conversion 
the will of the individual is passive it is therefore not concerned in 
the process at all. On the contrary, the final victory, the new birth, 
isin a large measure the result of previous acts of the will striving 
towards righteousness. (Pp. 97-100.) How this is possible the au- 
or endeavors to make clear to the lay reader by a digression on the 
ettects of past unconscious upon present conscious activity, and of 
past conscious upon present automatic activity. In the three closing 
pages of Chap. VIII. an effort is made to grapple with some of the 
most intensely interesting and fundamental psychological questions 
raised by the conversion experience as the passivity of the will, faith, 
and the nature of the new life. Ican dono more than quote the 


= ae , : “ a : ‘ ° a : ° : ; 
ilicized passages: ** Self-surrender, then, is often necessary in order 
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that the normal tendencies of growth may converge and flow into | 
mony, and that the point of new insight may be, for the person yielding, 
the truest organizing center of life.” ‘* The act of yielding, in this point 
of view, is giving oneself over to the new life, making it the cent) 
of a new personality, and living, from within, the truth of it whi 
had before been viewed objectively.” 

Chap. IX. The Quality of Feeling following Conversion.- 
and peace now follow the anxiety and despondency of the pre-cony 
sion period. A common experience with new converts is the 
of newness. Two statistical tables are given. The author looks y 
these feelings as the token of ‘the functioning of a new and exalt 
personality.’ This view of conversion is developed in Chap. X. 
particularly in Chap. XII. At conversion, life is organized a1 
a new center, around impulses which may be characterized roug 
as altruistic—it is an ‘ unselfing’ —to contrast them with the eg 
motives forming the center of the old personality, hence the largei 
of the subject and the birth of new powers. In Chap. XII. (‘A 
general view of conversion’) the new life is looked upon from 
physiological and from the psychological point of view as the fo1 
tion of a new person. Keference is made to the growth of the b1 
fibers, their medulation, association, etc., and thus some plausibili 
and definiteness are given to neural changes supposed to take p! 
simultaneously with the formation of the new ego. 

Some valuable light is thrown in this chapter upon the probl 
in discussion. 

Chap. XI. (* Conversion as a normal human experience’ 
many instructive instances of depression and joy, of sudden awak« 


ings, of sudden changes in emotional attitude and of breaking of 
its, occurring independently of religious influences. These illustr 
tions were obtained in answer to a special set of questions; they 
given to add weight to the presumption that conversion can all be 
plained in terms of natural psycho-physiological processes. 


A chapter on the abnormal aspect of conversion concludes th¢ 
part of the bock. 


The data used in the second part (pp. 183-350) consist chieftl; 
237 answers to questions on religious growth designed for pers 
who are strangers to the conversion—experience. It includes chapt 








on the religion of childhood, on various phases of adolescenc¢ 


chapters; religious awakening, storm and stress, alienation, etc. 


the period of reconstruction following adolescence and finally 
chapters on adult life. The chapters on adolescence deserve es} 


attention. 
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The third part (pp. 353-420) is an attempt to trace out the chief 
lines in the growth of religion from childhood to maturity and to com- 
pare growth via conversion with growth not including it. 

I have, I trust, sufficiently expressed my appreciation of the solid 
worth of Professor Starbuck’s work to venture the following general 
criticism without running the risk of unduly depreciating it in the eyes 
of the readers of this REviEw. 

I have already deplored the absence of complete religious biog- 
raphies. At least one of each of the several varieties of experiences 
gathered by the author under the name conversion should be found 
entire in the book. 

One of the serious weaknesses of the book is the totally insufficient 
use made of introspective analysis. To yield the best result, intro- 
spective analysis, and the kind of interpretation and of explanation 
which it makes possible, should have gone side by side with the objec- 
tive consideration and the statistical tabulation of the data. But the 
author has chosen to remain outside his facts, as if he was handling 
physical substances. Throughout the volume we deal—we might say 
figure—with things called sense of sin, remorse, example, response 
tu teaching, depression, feeling of estrangement, tendency to resist 
conviction, sense of oneness, divine aid, etc., etc., and no effort is 
made to analyze these things of which the respondents speak and to 
transiate them in psychological language. The words in circulation 
in religious circles are too often the coins with which the business of 
this book is transacted. Phrases like the following make one balk 
when met in the writings of a professional psychologist: ‘ A vital ex- 
perience of spiritual truth,’ ‘the attainment of spiritual life,’ ‘the 
person has acquired a spiritual grasp, a new insight,’ ‘the higher life 
of intelligence and insight,’ ‘a personal hold on virtue,’ ‘a first hand 
perception of right and wrong.’ An investigation exclusively from 
the objective standpoint, the only one available to the physical scientist, 
is self-evidently doomed to remain on a very low explanatory level 
when its objects are processes of immediate experience. 

What shall be said of the statistical method which gives to this 
book a unique appearance of scientific rigor? The propriety and the 
idvantage of using statistically the material obtained by means of syllabi 
n subjects as complex as religious life is open to w eighty objections, 
the chief of which arise, in the case before us, from the loose meaning 
ascribed to the term conversion, from the unavoidably confused and 
inexact language of the correspondents describing their experiences 
and from the comparatively small number of answers tabulated. 
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It is evident from the citations scattered through the book that 
definition of conversion, as the one we have quoted at the begin 


ning of this review, tends to bring together experiences differing 


greatly from each other in quality as well as in intensity. In som 
instances a mature person relates an experience covering years 
moral struggle and reaching down to the springs of life; it culm; 
nates in a crisis from which the subject issues a new man. In othe 
cases what is described are the skin-deep, momentary, feelings of 
sentimental adolescent female who, in the excitement of a revival meet 
ing, goes to the altar ‘to give her heart to Christ ’—an experience 
which hardly leaves any trace behind. The study and the mutual co 
parison of these and other ‘ conversion’ experiences is evidentl: 
legitimate task, but to put them together in order to treat them st 
tically comes dangerously near figuring without paying attention to t 
place of the digits. The author speaks of obtaining in this wa 


‘composite picture.” What kind of composite picture would be 


tained from faces in which the distance between the eyes varied f: 
1 to 2 inches? An elongated grayish spot twice the length of 


average eye and increasing in darkness toward the center would be t 


composite eye; a most instructive blur! We cannot enter into a 


1 


tailed examination of the effect of this procedure; the whole book is 


more or less vitiated by it; we must be content with an illustration i 
volving the chapter on the age of conversion. The average age 
conversion for male is given as 16.4 years and that of its most frequent 
occurrence as 17. The average age of the conversions I have gathe1 
for my printed paper is around 25 and the year of its greatest fre- 
quency is not far from the same figure, this simply because my ques- 
tionnaire was understood to call for descriptions of conversions of 

deep, life-transforming variety; the variety that can occur only whe! 


the great plasticity of early youth has been superseded by a characte 





more firmly knit. What becomes then of the ingenious and interest- 
ing generalizations of Professor Starbuck putting in relation the age 

conversion with that of puberty and of greatest bodily growth? They 
hold exclusively for one variety of conversion, a variety to which a 
large number of the conclusions reached in the subsequent chapters 

not apply. The conditions imposed by the statistical method have n 
been fulfilled in this book, therefore the statistics, as far as they lump t 


ice vt 


} 
11 


gether experiences which should have been held separate, prodt 
a spurious precision and often introduce confusion and error instead oi 


distinctness and light. 
JAMES H. LEvBa. 


BRYN MAwr COLLEGE, PA 
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The Making of Character—Some educational aspects of ethics 
By Joun MacCunn, M.A., LL.D., Balliol College, Oxford. 
New York, The Macmillan Co.  rg00. 

The person who takes a well-worn and hackneyed subject and by 
+ ] 


esh and vigorous treatment imparts to it a new and facinating in- 


ae 


tel 


st, has performed a real service for his kind. The more fund 


; : : " 
ntal the subject the greater the service. 


1bCiik 


y s | 7 7 | . , . r “1 . 
Innumerable books have been written on ‘ character.’ The subject 


s been talked about and preached about from the beginning to the 
present time, and it would seem as thou: the last word had bee: 
spoken, but here we have an author who ventures to risk his reputa- 

as teacher and scholar in writing a book on this venerable topic 
That he has abundantly succeeded, no one will doubt who, possessin 
liking for ethical studies, will peruse the work. 

The point of view is that of the educator, and the current dictun 
at the highest aim in education is the formation of character, is not 
verlooked for an instant. The table of contents indicates that all the 
forces, natural and artificial, which operate to produce the man or the 
woman, are taken into account. Under the head of * Congenital En- 

vment,’ Heredity, Vital Energy, Temperament, Instincts, Develop- 


and Repression, Habit and its Limitations, are all carefull 


, 


1 lered. 

he author never fails to seek a just balance between what is nat- 

and what is artificial in life. He says: ‘** It is an impossible 

task to discriminate sharply between what is congenital and wha 

due to the influence of environment. Environment begins to operate 

with the beginnings of life, nor does it ever cease to operate, not fo1 
instant, as the days become months and the months years.” 

His view of what temperament is reflects the same broad and 
comprehensive method. ‘* Of this mixing of the elements, tempera- 
ment is the reflection inwrought in the very texture of the life that 

difies all we receive and from first to last conditions all we do. It 
is, So to say, the medium that colors and suffuses all experience.” 

Under the general caption of ‘ Educative Influences’ the book 
deals fully and specifically with bodily health, reactions, family, 
school, friendship, livelihood, citizenship, and other social influences. 

Protessor MacCunn finds a close relationship between the physical 
and the moral. ** Idleness, says proverbial wisdom, comes to want, 
but its worst want is not the empty purse; it is the soul atrophied fo 
lack of the spiritual wages that never fail the strenuous life. What 


languor and weakness.” 


olds of idleness holds likewise of 








COLOR VISION 


The chapter relating to the Wordsworthian education of nature is 
particularly suggestive. ‘* Exclusive preoccupation with society is 
not the way to know it best. Through communion with nature mai 
may come to understand life better.” 

While great stress is laid upon the physical basis of life and 
growth, the author does not overlook the importance of moral ideals 
and especially of those ideals which dominate social activity. He 
finds that not only in the personal life but in all organized effort there 
are guiding principles which inspire the human heart. ‘It is pre- 


iN'¢ 


cisely in the sphere of industrial and commercial life that ideals 


most needed to uplift the practice of the world.’ 
This profound study of social and ethical values finds its climax 
in the two concluding chapters on Self-Development and Self-Control. 
Here we have the latest and best educational thought of our time. 
No word has been spoken which better voices the deep convictions ot 
parents and teachers to-day than the idea that all growth and training 
must seek to develop a self-poised, self-governing being who finds 
freedom in the proper use of all his powers and who experiences | 
highest joy in serving his fellow-men. 
SAMUEL T. DUTTON. 


COLOR VISION. 


Ueber relativen absoluten Mangel des Farbensinnes. 


MANN. Ztch. fiir Angenheilkunde, II., 315, 403. 1899. 


Raehlmann adds some observations on partial color-blindness 
yy tar the most important part of his two articles is that which gives 
a detailed account of a very remarkable case of total color-blindness, 
the only one hitherto discovered in which the eyes of the patient wer 
in every other respect perfectly normal. No trace of disease o1 
ibnormity could be detected except the lack of color-vision: 
was perfectly normal visual acuity and rather more than that, n 
‘ light-sense,’ and normal visual field. The distribution of brigh 
in the spectrum, however, resembled that of no other case of eit! 
disease or health, there was an extreme darkening in the part whic 
vellow to normal eyes, so much so as to divide the spectrum al 


into two separate regions; the normally blue part, oa the othe 
was distinctly intensified. Raehlmann did not apparently make 
> Da 


of a spectrophotometer, but there seems to be no doubt that the 


tient was extremely insensitive to, Raehlmann says, yellow light—1 
would be better to say light of the yellow wave-length, as yellow 
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licht did not exist for her. Here as in other respects, language needs 
some remodeling in the interest of more accurate distinction between 
L 


the objective and the subjective. The patient, an intelligent lady and 


the wife of a university professor, had unusual powers of discrim 


ination in regard to her sensations, and unusually good capacity fo 


il 


\bservation. There are several cases of color-disturbance in het 


family, and especially that of a son of the Frau Professor herself; his 


vision is dichromatic, but he has very keen sense of difference of 
brightness. Mrs. R. is wholly lacking in any idea of what a color is. 
It is said that an oil-painting does not correctly represent to her the 
relative brightnesses of a landscape, which are better given in a photo- 
graph, and that a picture gallery seems to her an absurdity. ‘ The spec- 
trum is increased in length at both ends, more especially at the violet 
end; it is brightest in the green—there is also a maximum in blue 
and again in red. Adaptation to a faint light was normal. The 
threshold in the yellow part of the spectrum was extremely high, but 
in the blue it was far lower than for the normal eye. Visual acuity, 
which was normal at an ordinary illumination, was in an extremely 
faint light twice as good as that of any of the five assistants of Pro- 
fessor Raehlmann who examined her. <After-images were normal, 
but simultaneous light induction seemed not to take place (p. 331). 
There was astonishingly acute perception of brightness differences, 
even at a strong illumination, and there was no trace of photophobia. 

This case of Mrs. R., while it is absolutely unique, attaches itself 
readily to the cases of dichromasy with perfectly undisturbed vision in 
ther respects, which are no rarity. It is evidently to be referred to 
some defect of development in the visual centers, and is to be connected 
with those cases of achromasy in which (although vision is markedly 
defective) there is no foveal blindness, and hence theie is no reason 
to believe that the entire cone-system is out of function. That the 
brightness curve is totally different from that of nearly all the othe: 
achromates and also, consequently, from that of the normal eye in the re- 
inforced vision of darkness, is by far the most remarkable phenomenon 
presented by the case, and it must stand for the present as something 


+ 


ally disconnected with all the other facts of vision. So far as it 


goes, it gives substantiality to the idea of an abnormal shift of excit- 
ability? (not, indeed, in the retinal visual substance but in the cortical 
receiving stations) of which the Helmholtz school makes so much in 
its explanations of defects in color vision. But even before this the 
shift of excitability hypothesis could not be said to be an instance of 


“on vera causa, for already there were known the cases of what are 
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called anomalous color vision in which the maximum red sensation is 
produced by a light wave of not the same frequency as in the norma 
eye. These cases, too, it is not the custom to keep sufficiently in mind. 

Raehlmann speaks of this insensitiveness of the eyes of Mrs. R. 
the region of the sodium line as if it were a sort of yellow blindness 
over and above the absence of specific color sensation throughout the 
spectrum; and he even says (p. 334) that in a sense every gray-sen- 
sation contains a color component (because it is produced by et! 
rays, which, if they acted alone, would give rise to a color-sensation 
But this is visionary in the extreme.’ It is the great advance of recent 
years in this field to have shown that the quenching of opposite colo 
is an affair of physiology quite below the level of consciousness ar 
that the colors which are mutually destroyed have never had an exist- 
ence as colors. Here again appears the need of a better phraseolog 
—of distinguishing between the spectral co/ors and the regions in 
samut of ether-vibrations which give rise to them. 

This case ought also to have the effect of causing us to accentu 
more than we do now the difference in nervous level at which c 


defect may take place. The central color scotoma of the tobacco 


alcohol amblyopia is surely due to disease of particular bundles 


the optic nerve trunk—a sort of fact that the psychologist is too 

apt to have in mind; in general not enough attention has been giv 
in the discussion of color-blindness especially, to such pathologi 
cases as are plainly due to retrobulbar lesions—there has been too « 
stant an attempt to explain everything by abnormal processes in 1 
retina. On the other hand, the authenticated cases of uniocular color- 
blindness can be explained only by an ante-commissural defect; it 
therefore, necessary to bear well in mind that different cases of detec 
tive color-sense may be of widely different origin. 

Raehlmann calls attention to a very important experiment mad 
by himself twenty-five years ago (Arch. f. Ophth., XIX.) in which 
dichromate was given santonine with the effect that his yellow-blu 
vision was reduced to vision of a single quality only, blue; the whok 
warm end of the spectrum became to him gray. Such a case as this 
speaks strongly (and there are other indications leading in the sam 
direction—cortical lesions, chromatopsias, etc.) in favor of their | 
ing (whatever the number of chemical processes in the retina) fou! 
distinct centers in the cortex for the four fundamental hues.  Knie: 

1 Moreover, he quite forgets that in night-vision, and in the achromatic visio! 


of the extreme periphery of the eye, there is no question of color-components 


the subjective sense) being by any possibility present. 
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seems to have shown (Arch. f. Augenh., 37, p. 102) that in santonine 
olor effects the source of the change is not any coloring of the 
retinal layers of the eye—that is, he draws this conclusion from the 
fact that in dogs and frogs, after very strong doses of santonine, 
the visual red, after darkness-exposure, had its color not in the least 


disguised. 
C. Lapp FRANKLIN. 


Order of Development of Color Perception and of Color 
Preference tn the Child. By Warp A. Ho.ipen, M.D., and 
kK. K. Bosse, B.S., New York City. Archives of Ophthal- 
mology, Vol. XNIX., No. 3. 1goo. 


In this paper are described the results of a series of experiments 
: re ee | : t] amen . os eae re 
made on over 200 children between the ages of six months and 
thirteen years, relative to some of the phases of developing color per- 


ception. In the first part of the paper, by a method devised by Dr. 
Holden, the child is tested for its absolute color perception by making 


use of a background shaded from dark to light gray upon which 
squares of colored tissue paper are so placed that their luminosity is 
jual to that of the gray background. The child that reaches for 


i 


lored square under these conditions, must perceive that color as 
liffering from gray. At the age of six or seven months infants react 
eadily to red, orange and yellow but without much certainty to green, 
ue and violet. At eight or nine months they react promptly to the 
first three, and sluggishly to the last three. At ten or twelve months 
there is often equally prompt reaction to all colors. 
Preference tests carried out with satin ribbons showed that children 
elow three years preferred the red end of the spectrum, selecting red 
frst and then following very closely the order of the spectrum, and 
selecting blue or violet last. After the end of the third year the order 
t selection is reversed, however, blue or violet being chosen first and 
red last. This remarkable change is accompanied by a general disin- 
clination on the part of the child to make any selection at all, so that 
at the age of about three years only a small percentage could be in- 
luced to perform the required action. The results thus obtained 
were tabulated and the figures give a fair picture of the gradually 
changing conditions. As a brief summary: The child passes through 
these phases of development: Up to about the third year the red end 
{ the spectrum is preferred, then follows a period in which the at- 


tractiveness of the blue end increases until it becomes as strong as that 


of the red end, the consequence being a disinclination to make any 
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selection at all. This period may vary greatly in duration. Late: 
the attractiveness of the blue end increases with the result described. 
The table in the original shows also that, while at the beginning of 
the preference for blue the reverse order of the spectrum is followed 
closely, with advancing age this order changes gradually and ap- 
proaches the order of preference found in adults. Thus the young 
infant reacts in a physiological way to the more exciting colors of th 
+ 


red end of the spectrum. The older, mentally advanced child rejects 


the exciting reds and oranges and prefers the more restful colors of 


the blue end of the spectrum. These results may lead to further in- 
vestigations. The described changes of preference in a child of about 
three years must certainly be parallel to alterations in the ment: 
make-up. If we consider that at this age the reflective stage has begu 
to take the place of the earlier impulsive stage, the results should yiel 
valuable data as to the character of some of the mental changes in t 
child. It is likely that an investigation into the development of t 
other senses would give results analogous to these. 


kK. K. Boss! ° 


MEMORY. 


Experimentelle Bettrige zur Lehre vom ékonomischen Lerne 

LotTiE STEFFENS. Zeitschrift fiir Psychologie und Physiolog 

der Sinnesorgane. Band 22, Heft 5. Pp. 321-352. 

This paper is chiefly devoted to a report of a series of experiments 
dealing with the methods by which various persons memorize vers 
Having discovered a number of such methods, the author undertakes 
to determine which form of procedure requires the least expenditure 
of time in order to learn by heart any given selection of poetry 
Throughout the article the term economy applies to the amount of 
time, and not to the amount of effort, involved in any of the various 
undertakings. The larger part of the experiments were made upon 
seven subjects. This is relatively a small number, but the results ar 
sufficiently uniform to warrant considerable confidence that they rep- 
resent typical tendencies at least. At a number of points the evidence 
was supplemented and confirmed by experiments with nonsense 
syllables. 

Apparently the natural disposition of most persons, when attempt 
ing to memorize verse, is to split the selection up into a number of 
sections, which are learned more or less independently, and then put 
together. This general method shows many individual modifications, 


Trt 


both as regards the length of such sections, and as regards the relativ 
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number of repetitions accorded the several parts after they have been 
once learned. Very rarely is there any tendency manifested to learn 
an extended piece of verse as a whole, z. e., to read it entirely through 
without the repetition of words, lines or sections. Unusual as this 
procedure seems to be under ordinary conditions, the experiments 


uniformly better results when this method is adopted. 


snow 

The author advances a number of plausible explanations for the 
common prejudices in favor of the piecemeal mode of memorizing 
and then attempts to prove in what particulars the other method is 


] 


yr, calling to her assistance for this purpose nonsense syliab!] 
Che method of learning the selection as a whole ha he obvious ad 


super 
vantage of emphasizing the really helpful links of connection between 
the various parts, instead of the fictitious and misleading ones, which 
ften arise when the material is learned in secti eS 
otten arise when the materia! 1s learned in sections. involved in this 1s 


the helpful influence of associations due to the absolute position of give 


elements in the whole. The importance of this factor will be readily 
inderstood by those who have experimented at all extensively with the 
nemory processes. On the other hand, it is to be said that when the 
material to be memorized is not reasonably homogeneous, the segmenta 
method may be more advantageous. The reason for this is obvious. 
A peculiarly baffling group of words may render many repetitions 
necessary, and where the whole selection is read through consecutively, 
the loss of time is inevitable. With homogeneous material, however, 
the advantage of this method is roughly proportional to the length of 
the selection. There is seemingly little tendency, when this method is 
employed, to rely upon purely mechanical motor processes, by means 
of which children often commit quantities of poetry to memory with- 
ut the slightest suspicion of the meaning. Clearly the value of 
logical significance is at a maximum with the method. It promises, 
with material of uniform difficulty, the least amount of unnecessary 
and superfluous repetition of any portion. 
Incidentally, in the course of the paper, a number of interesting 
points are touched upon, such as the relation of rapidity of reading to 
rapidity of learning; the dominance of sensory or motor elements in 


+ 


the different modes of memorizing, etc. 

A tinal section discusses a series of experiments dealing with the 
question of the most advantageous method of distributing any given 
number of repetitions throughout a constant time. Here again non- 
sense syllables furnish the material. The general results indicate that 


the distribution of repetitions which affords the best results is that 


Which secures the maximum number of groups of repetitions, with 
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intervals of time between the groups, and the minimum number of 
repetitions in each group. This means doinga little at a time and do- 
ing it very often. Like the conclusions of the first part of the paper, 
this runs counter to common prejudice and practice. 

The author makes no attempt to discuss the question of perma- 
nence of retention, as connected with her problem of expeditiousnes 
in learning, nor is there any notice of the modifications in her results, 
possibly due to the metrical nature of her material. This is not to be 
interpreted as a criticism of the work, which seems to have been inte 
ligently planned and carefully executed, but simply as an indicati 
of its limitations. 

JAMES ROWLAND ANGELL. 


UNIVERSITY OF CHICAGO. 


PERCEPTION AND RETENTION. 


Zur Untersuchung der Auffassungsfihigkett und Merkfihigk 


JAcopo Finzi. Psychologische Arbeiten (Kraepelin). Bx 


2 Heft, 1900. Pp. 289-354. 

Finzi’s investigation is a methodological inquiry in which 
undertakes a more exact examination than has heretofore been 
of the disturbances of memory in the normal individual, for th 


pose of applying the method in the diagnosis of mental diseases. It 
impossible to determine the quantity of impressions which his past lif 
has furnished to the patient, but it may be useful for the alienist t 
certain his capacity for receiving and retaining impressions at prese! 
The writer seeks to measure two things: the clearness of the i 
pression and its fixity. In connection with the latter aspect we mus 
«4 


separate the effects of fixation through voluntary repetition, and 


involuntary retention of impressions which follow directly from thei 


presentation. For his material the writer turns to visual impressions, 
and adopts the customary letters, syllables and pictures. The mech 
ical conditions of experimentation seem to have been carefully looke: 
after and the apparatus for control of the exposure is fully described 
and pictured. To secure constancy a Welsbach lamp was used as the 
source of illumination and the figures were seen by transmitted light. 
The time of exposure for each point of the surface was approximatel) 
the threshold for the perception of letters, viz., 16.7¢. The action 
the apparatus was under control of the observer himself. Five sets 0! 
experiments were carried out. In the first the interval between pre 


entation and recall varied, the periods being 2, 4, 8, 15 and 30 se 


In the second a constant interval was filled by such distracting me 
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s counting, adding and reading. In the third the number of stimuli 
was varied, 4, 6 and 9 letters being used. In the fourth the stimulus 
was reinforced in various ways—such as reading aloud or writing 
down—or was not expressly reinforced in any way. In the last set 
different kinds of stimuli were obtained by the use of letters, numbers 
and syllables. Only the first of this series, it must be noted, was car- 
ried out on a sufficient number of persons to give a basis for more than 
individual results. 

Two factors which appear in the results are discriminated in the 
writer’s analysis. These are the total number of elements perceived 
or retained, and the number correctly apprehended or recalled. The 
former is taken as an index of the scope, the latter of the reliability, 

f the process involved. 

The character of the results depends upon a group of conditions 
hich includes both the properties of the material and the mental ac- 
ities of the subject himself. Among the former are to be reckoned 

the comparative legibility of the letters and figures, the number of 


them and of their possible combinations, habitual verbal association, 


ind the like. On the part of the subject the prevalent concentration 


f attention upon the first cross row of elements—which were presented 


three horizontal rows of three—led to the fixation of particular 


groups of letters and the overlooking of others: the images 


oT one 


ard’s contents were in many cases influenced by confusion with letters 
from preceding cards; and various subjects showed preference fo 
particular letters. 

The increase in the number of elements presented has an untavor- 
ible effect upon the scope of apprehension, marked by increase in the 
number of misplacements; for the retention of the impression it has 
little significance. 

i neither s e nor reliability is the maximum effectiveness of 

In neither scope nor liabilit t 1ax 1 effective: 
the perception process exhibited immediately after presentation. The 
tormer phase attains its highest value between eight and thirty seconds 
after exposure, the latter at an earlier period, between four and fifteen 
seconds. Thereafter in both directions a falling off appears. The 
increase of error may continue, as is to be expected, for a much longe 
period 

The prevailing forms of error are misplacements, substitution 

- } 
resembling letters, and those arising from preference for particular 
letters and the influence of preceding letter-groups. Numbers are 


better apprehended than letters, but not so well retained. Perception 


} 
¢ 


is aided by the fewness in number of the digits as compared with that 
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of letters, while the greater retentiveness for letters is probably to bh 
referred to verbal associations and grouping. This factor appears 
again in the statement that letters are better apprehended and retain: 
when presented as parts of nonsense syllables than when seen sine, 

The mechanism of retention appeared to affect the process of re- 
vival, dependence upon images of the material presented leading t 
better results than such as involve the use of images of speech. 

The effect of distraction during the interval between presentation 
and recall appears in a reduction of the correct responses while 


number of incorrect reports may be either 


t} 
increased or diminished 


ble, since whil 


The latter must be regarded as an individual varia 
one subject the fading out of the impression would be marked by 


increase in the number of incorrect reports, the total number of ir 
pressions reported remaining unaffected, in one of less confident n 
ture those cases upon which uncertainty lay would not be reported 

all. As the intervening interval increases subjective certainty decline 
with greater rapidity than the number of correct responses. Pract 

increases the reliability of the perception or revival process to a greate 
degree than its scope. The results of the investigations present little 
that is new in direction, and such elaborately detailed experiments ar 


+ 
at 


justified only in so far as their carefully guarded conditions constit 
a needful exactitude in the corroboration which they give to the w 


of previous investigators. 
Rospert MAcDOovuGa.t. 


HARVARD UNIVERSITY 


REACTION-TIME. 
Nico.aus ALECH- 


Reactionzeiten bet Durchgangsbeobachtungen. 
SIEFF. Philosophische Studien, XVI., Heft I., pp. 1-60, wit! 
two charts. May, rgoo. 

The paper gives a brief history of the personal equation, an 
ysis of the different types of reaction, and a discussion of the condi- 
tions most favorable for transit observations. 

Many of the causes of the differences in these observations, firs 


noted by Maskelyne in 1795 and studied later by Bessel (1822), have 
since been made the subject of experiment and analysis at different 


observatories. With the old eye-and-ear method the differences wet 
not the same between different observers; in some cases they remained 
small and constant, in others they changed progressively (Greenwich) 


.22 sec. developing in one nigh 


or even suddenly—a difference of 
Altona. Respold (1838) and Arago (1842) introduced the chrono- 
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graphic method. With this the differences became smaller and more 
constant. Prazmowski and Hartmann studied the influence of prac- 
| 


tice and imagined the error of observation might be reduced to zero 


by preliminary work with a machine that would show the extent of 
error made. By means of an artificial transit experiment Hirsch and 
Plantamour found that the time between the perception and the regis- 
tration varied from .15 to .36 sec. By others, the influence of the 
size, intensity, and direction of motion of the star, and the position 
and exhaustion of the observer had been noted; but a number of psy- 
chological factors have not been taken into account by astronomers, 
particularly the effect of directing the attention on the one hand to the 
star and on the other to the registration, a variation not known even 
to psychologists till the publication of Lange’s paper in the Studien 


t 


I 


n 1888. This gives us the two-fold purpose of the investigation— 
the analysis of the different types of reaction, both in the usual form 
f experiment and in transit observations, and secondly thereby the 
iscertainment of the best conditions, particularly psychological con- 
litions, for such astronomical work. 

In the tabulation of results the author makes use of the well- 
known statistical method of the frequency of cases. The number of 
reactions falling between successive hundredths of a second are 
counted and the results, which appear in both tabular and graphic 
form, give a better picture of the characteristic variations than could 
e obtained by the customary average and mean variation. In fact the 
records in a series by the same person are sometimes so distributed 
that the arithmetical average falls between two points of high fre- 
juency rather than at the point of greatest frequency. This is partic- 
ularly so in the ‘natural’ reactions in transit observations—only 
irtificial transit observations are made throughout in which a tendency 
to employ now a long and now a short form of reaction in the same 
series was observable. 

The sensory and motor or, as the author very properly prefers to 
call them, the more and less complete, or the longer and shorter, forms 
f reaction are to be looked upon as extreme variations from the 
‘natural’ type, or that which the reactor adopts spontaneously and 
in which his attention is directed according to need, both to the re- 
ceiving of the stimulus and the making of the reaction. Considerable 
practice is necessary to develop the extreme forms, and there is at 
first a tendency to revert to the ‘ natural’ or intermediate type. The 
short extreme is developed by slurring the sensory part more and 


more; the long, on the contrary, by directing attention to it. In both 
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REACTION-TIME 


of these modes of reaction in which the attention is directed by aj} 
uniformly to a certain part of the process, the differences between th 
subjects tend to disappear. In the intermediate form, however, thes: 
differences remain prominent, though to a lessening degree with prac. 
tice; and they are attributed to constant differences in the direction 
the attention. 

The author’s mode of tabulation, and especially his transit expel 
ments with the ‘ natural’ mode of reaction, enable him to give a; 
excellent account of the production of these longer and shorter forms 
of reaction. But while it is rather easy to see how the subjects m 
pass by training from the ‘natural’ mode of reaction, on the on 
hand, to the quicker and more nearly automatic; and, on the other, 
the more cautious and hesitating type, in which a somewhat distinct 
interval is recognized between the perception of the stimulus and tl 
making of the reacting movement, and how various conditions mig 
lead the reactor to pass from one to the other, or to stop at differe 
stages, some of which would naturally come to be preferred by prac 
tice—several peaks are found in the frequency curves of the long r 
actions—it may be questioned whether the author is right in assuming 
with others of the Wundtian school, that turning the attention to th 
reception of the stimulus will always result in the longer forms of 
action, or that sensory reactions and these longer forms are one 
the same thing. They may very well be separable, and the directi 
of the attention to the stimulus may not be the essential thing in t 
case. The evidence offered by American observers in which the ser 
sory reactions are as short or shorter than the motor, would vive t] 
hypothesis a certain degree of probability. Even that the longer r 
ictions are to a proportional extent more complete, may be doubt 
and should not be assumed without analysis. 

The chief causes of the large individual differences found in transi! 
observations are lack of practice, the use of different modes of reaction, 
and the following of the star with the eye instead of fixating the cross 
lines. The shorter and so the more uniform mode of reaction is th 
better for astronomical work, though an extremely short form cannot 
be attained, because the stimulus demands some attention. The ‘n 
tural’ mode of reaction, however, permits the analysis of the psycho- 
logical conditions the better and so was generally empioyed. The long 
form cannot be used as the moving star almost unavoidably prepares 
the mind for the shorter reactions. The movement of the star must. 
however, be of a certain rate for this to be true, namely, a movement 


between 10° and 14° per second. Lower speed occasions long re- 





mer. 
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actions and quicker marked irregularities—the extent of the field of 
view remaining the same, namely, about 25°. As the entrance of the 
star into the indirect field of vision served as a warning signal, this 
makes the favorable preparation interval from r to 1.5 seconds. To 
a certain extent, the smaller the field of view with a rate of 14° pei 
second, the quicker and more uniform the reactions even when the 
preparation time was reduced considerably below a second. The 
direction of motion of the star makes little difference if the cross-lines 
are fixated in the observations, but it is otherwise when the eye fol- 
lows the star since a movement from left to right as compared with a 
movement from right to left causes a lengthening of the records, if the 
right eye is employed. 

Astronomers use eyepieces with several cross-lines, and other stars 
eside the one observed may be seen moving across the field of view. 
When these conditions were reproduced artificially, it was found that 
the record became shorter and more uniform as a result of the in- 
tensifying effect of the rhythm of observation and movement de- 
ve loped. 

As in this instance, the successful application of psychology to a 
practical problem may have to wait long for fundamental discoveries 

be made, but when such application is made it certainly deserves 

special welcome. Joun A. BERGSTROM. 

INDIANA UNIVERSITY. 


PATHOLOGICAL. 


De faction de la fatigue sur la structure des cellules nerveuses de 
V’écorce. G. GUERRINI. Archives italiennes de Biologie, NNNXII., 
Fasc. 1. Pp. 62-64. 

After a brief review of the results in this direction obtained by 
lissié, Hodge, etc., the present investigator in this ‘ preliminary 
note’ describes his own work, emphasizing especially that therein 
tor the first time the stimuli to fatigue were purely physiological in 
their nature, and that their duration and the intensity of the resulting 
fatigue were both exactly measured. Twelve dogs were induced to 
run distances varying between 35 km. and 98 km., until obviously 
fatigued. The animals were then killed, and, under special precau- 
tions, their cortical cells, both cerebral and cerebellar, were examined. 
The alterations found were ‘both numerous and interesting,’ and 
may be summarized as follows: 

‘‘1, Augmentation'of the pericellular lymphatic spaces. 2. The pre- 
sence of leucocytes on the cell in the pericellular space. 3. Disorder of 
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the achromatic network. 4. Decomposition of the chromatic plaques, 

which were sometimes reduced to mere bits. 5. The presence 

vacuoles in the protoplasm. 6. An irregular appearance of the ¢ 
tour of the nucleus. 7. The presence of vacuoles in the nucleus.” 

These the researcher considers to be proportional to the fatigue di 

played by the animal rather than to the distance he had run. They 

ire more evident in the cerebral cortex than in the cerebellar corte 
and are always more distinct about the *‘ motor zones.’ 

Sur le mode de so comporter des différentes senstbilités sous [act 
de divers agents. Drs. G. Boeri and R. Di SILvEsTRO, Naples 
Archives italiennnes de Biologie, Vol. XXNXI. Pp. 460-464. 
This article is its authors’ summary of the results they obtain 

trom a study of the different dermal sensations and of the musc¢ 

sense under various pathological conditions artificially produced for 
the purpose, with especial reference to their respective degrees of pet 
sistency. As subjects they employed themselves chiefly, but 
some women far advanced in pregnancy and others with cirrhotic, 


much enlarged livers. For instruments they employed, in studying 


I 
touch, Weber’s compass; pressure, Eulemburg’s baresthesiomete: 


pain, the faradic apparatus of Lewandowski; in studying thern 
sensibility, a thermesthesiometer invented by one of themselves; 
for the muscular-sense investigation, they used a wire skeleton covert 


+] 
} 
ul 


with cloth on which weights were placed. In each case they 


studied the individual in the normal condition. 

The effect of déstention of the skin was studied on the abd 
of the women subjects. Compression of a nerve was produced, in 
case of the ulna, by digital compression, and in the sciatic by restu 
a long time ona horizontal bar. Refrigeration was produced 
placing the member to be used in melting snow, with or without salt 
Artificial axe@mia was brought about by application of the expulsi 
bandage of Esmarch. Hyferemia was somewhat similarly produ 
by mere constriction until the limb was purple. 

Their results may perhaps be best given in their own terms: ** WV 
found sensibility to Aazz to be the most resistant of all to the agents | 
which they were submitted, save that to cold it was the least resist 
of all. Zhermic sensibility is, next to pain, the most resistant, ' 
the same exception as regards refrigeration, where the contrary 1s U 
case (thermic sensibility is more resistant to warmth, or, stated 
ter, by our mode of research, augmentations of heat are better deter 


mined than lowerings of temperature). Sensibility to pressur 





NOTES. 
somewhat as does the tactile sense in that one cannot always say which 
of the two is the least persistent; both, and perhaps especially sensi- 
bility to pressure are little resistant, except to refrigeration, to which 
he latter is very resistant. The mzscudar sense also preserves itself 
well in cold, diminishes a little with compression, and disappears with 
inemia produced a la Esmarch.” 

These sensibilities have, the authors think, discriminating physio 
logical differences which make them properly considered as inde- 
pendent of each other, for 1n unnatural conditions like these they vary 
differe ntly, one or the other diminishing more than the others. 

GEORGE V. N. DEARBORN. 

Turts CoLLEGE MEDICAL SCHOOL 


NEW BOOKS. 


phie d Auguste Comte. L, Létvy-BruHL. Paris, Al- 
1900. Pp. 417. 
klichkeiten, Bettraége zum Weltverstandniss. K. Lasswitz. 
Berlin, E. Felber. 1900. Pp. vi + 444. 
che Gottes und Weltanschauungen. J]. Sack. Leipzig, 


Engelmann. 1900. Pp. viii + 275. 


NOTES. 

Mr. Witti1aAm RicHARD Sor.ey, professor of moral philosophy 

the University of Aberdeen, has been elected to the Knightbridge 

rofessorship of moral philosophy at Cambridge University, in the 
place of Professor Henry Sidgwick who has been compelled to resign 
wing to ill health. 

Professor Th. Ziehen, associate professor of psychiatry in the Uni- 
versity at Jena, has been called to the University of Utrecht. 

W. D. Scort, Ph.D. (Leipzig), has been appointed to the newly 
established instructorship in psychology and pedagogy in the North- 
western University. 

Dr. Georce V. N. DEarsorN has been appointed assistant pro- 


t¢ 


essor of physiology in the Tufts College Medical School. 


Dr. S. E. Mezes of the University of Texas has been promoted 


rom an associate to a full professorship of philosophy. 





NOTES. 


PROFESSOR LucIANI, rector of the University of Rome, has cele. 
brated the completion of his 25th year of teaching. Exercises were 
held in the physiological laboratory of the University, and addresses 
were made by Professors Todaro and Baccelli to which Professo: 
Luciani replied. 

ANOTHER eminent Italian neurologist, Professor Camillo Golgi, 
has been made a senator of the Kingdom. 

ProFEssOoR J. MArK BALpDwin, of Princeton University, has re- 
turned to the United States after a residence of over a year at Oxford, 
where he had been seeing through the press the ‘ Dictionary of Psy- 
chology and Philosophy’ shortly to be published by The Macmillan 
Company. 

PLANS have been proposed for the establishment in Paris of the 
‘ International Society of the Psychical Institute,’ 
iccording to a circular signed by M. Pierre Janet, are: 

1. To collect in a library and museum all books, works, publications, appa- 
ratus, etc., relating to psychical science. 

2. To place at the disposal of researchers, either as gifts or as loans, accord- 
ing to circumstances, such books and instruments necessary for their studies as 
the Institute may be able to acquire. 

3. To supply assistance to any laboratory or to any investigators, working 
singly or unitedly, who can show that they require that assistance for a publi- 
cation or for a research of recognized interest. This function, which has been 
fulfilled so usefully by the Société pour l’Avancement des Sciences, in relation 
to the physical sciences, must also be discharged by the new Institute in rela- 
tion to mental science. 

4. To encourage study and research with regard to such phenomena as may 
be considered of sufficient importance. 

5. To organize lectures and courses of instruction upon the different 
branches of psychical science. 

6. To organize, as far as means will allow, permanent laboratories and a 
clinic, where such researches as may be considered desirable will be pursued by 
certain of the members. 

7. To publish the ‘ Annales de l'Institut Psychique International de Paris,’ 
which will comprise a summary or the work in which members of the Institute 
have taken part, and which may be of a character to contribute to the progress 
of the science. 

Founders, donors, and ordinary members are wanted for the Insti- 
tute, the first class are to give 10,000 fr. or more, the second 1,000 fr. 
or more, while ordinary members pay an annual subscription of 20 fr. 
An international council of organization has been formed in which 


America is represented by Professor James. Professor J. Mark Bald- 


win, Princeton, N. J., is a member of the committee of patrons, and 


will send circulars to those making application for them. 





